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ABSTRACT
Though women earn the majority of bachelor’s degrees in the United States of
America, they are in the vast minority of those earning degrees in engineering, only 24%.
In an effort to ultimately increase the number of women graduating with degrees in
engineering, our study focused on improving the retention of first-year female students.
We set out to discover if female engineering students, who traditionally are in the
minority of their student body, would have an increase in their performance and retention
when placed in a manipulated course environment of gender parity (50% women, 50%
men). Our study followed 129 first-year female engineering students in Fall 2017 and
Fall 2018 through their first academic term where they were enrolled in the initial
engineering course at Louisiana Tech University.
As a result of this study, we found no significance associated with the
implementation of gender parity sections of a first-year engineering course on
participants’ performance and retention. After uncovering these initial results, we further
investigated other potential factors affecting retention, including Composite ACT scores,
Math ACT scores, overall high school grade point average, and midterm exam grades,
resulting in insightful information.
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CHAPTER 1
INTRODUCTION
1.1

National Demand for Expertise in STEM Fields

Since World War II, the United States of America has been one of the world’s
leading innovators in the fields of science, technology, engineering, and mathematics
(STEM) (Hossain & Robinson, 2012; Nelson, 1993). To stay competitive economically,
improve quality of life, and strengthen national security, the United States must continue
to advance STEM initiatives (Bussiness Roundtable, 2005; Dasgupta & Stout, 2014;
United States National Science and Technology Council, 2000; Xue & Larson, 2015). To
support these advancements, the United States needs STEM professionals to lead
innovation efforts. However, the demand for STEM professionals will not be met by the
current supply of domestic students pursuing STEM careers (Dasgupta & Stout, 2014;
US Congress Joint Economic Committee, 2012). In 2012, the President’s Council of
Advisors on Science and Technology stated that in order to meet the predicted demands
of STEM professionals, it would be necessary for the United States to grow its annual
production of STEM graduates by 34% over the current rate (Olson & Riordan, 2012;
Xue & Larson, 2015). In May 2020, the National Science Board of the National Science
Foundation (2020) stated that “by 2026, S&E (science and engineering) jobs are
predicted to grow by 13% compared with 7% growth in the overall U.S. workforce”
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(National Science Board, National Science Foundation, 2019). This demand for graduates
in STEM fields is continuing to grow and is becoming more urgent.
To determine how the nation can meet this growing demand for graduates in
STEM fields, first we must determine who is earning bachelor’s degrees, specifically
bachelor’s degrees in STEM. According to the National Science Foundation (2013),
57.4% of all bachelor’s degrees earned across the nation in 2012 were earned by women,
yet only 24.2% of bachelor’s degrees in engineering, mathematics, computer science, and
physical sciences were earned by women.
In light of this disparity, Dasgupta and Stout (2014) proposed that “on the supply
side, girls and women represent untapped human capital that, if leveraged, could enhance
the STEM workforce.” This theme is echoed across broader studies of economic gains
associated with employing women on a larger scale. José Ángel Gurría, the SecretaryGeneral of the Organisation for Economic Cooperation and Development (OECD), an
organization consisting of 37 countries that work to promote economic growth and
international trade, stated, “Women are the most underutilized economic asset in the
world’s economy” (Bovino, Gold, Panday, & Maguire, 2017). This unbalanced
employment of men and women affects everyone within the economy. According to S&P
Global, “It is estimated that giving women the right to play out their full potential in all
areas of work and industry could add as much as $28 trillion to annual GDP (gross
domestic product) across the globe by 2025” (Bovino et al., 2017). According to the
Harvard Business Review, if women were employed at the same rate as men, the United
States’ GDP would increase by 5% (Harvard Business Review, 2013). Looking
specifically at fields that are conventionally dominated by males, such as engineering, if
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more women began to study in these fields, there would be “significant, structural gains
in economic growth” (Bovino et al., 2017). These studies suggest that women, thus
female students, could be the answer to increase the number of STEM degrees.
With this study, we set out to explore methods to increase the number of women
completing STEM degrees, specifically focusing on improving the retention of first-year
female engineering students. In our research, we turn the tables on the current
demographic of a traditional engineering course and take women out of the minority by
implementing gender parity engineering course sections. We investigate the impact of
this parity academic environment and study its effects on female students’ success.

CHAPTER 2
BACKGROUND
2.1

History of Women in Higher Education

From the seventeenth century to the early nineteenth century, women were only
allowed to study specific scientific subjects, first botany and later astronomy and
chemistry, as long as their studies did not interfere with their prospects of marriage. In
1840, Catherine Elizabeth Brewer Benson graduated with her bachelor’s degree from
Georgia Female College, now Wesleyan College, becoming the first woman to earn a
bachelor’s degree (Smith M. S., 2011). It was not until the nineteenth century that women
were allowed to attend co-education institutions (universities and colleges allowing
women to study alongside men). By 1870, women made up 21% of undergraduate
enrollment, and just fifty years later, this percentage grew to 47% (Bix, 2014).
2.1.1

Experience of Women in STEM Disciplines
Within the STEM disciplines, sciences and medicine were seen by society as

more appropriate fields of study for women in contrast to more technical fields, such as
engineering. In the science and medical fields, women made greater strides in enrollment,
degree earnings, and integration into the workplace. Historians estimate that around 1900,
18% of the practicing doctors in Boston were women (Bix, 2014). Less than 120 years
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later, the Association of American Medical Colleges (AAMC) reported that for the first
time the majority of new enrollees into medical school, 50.7%, were women (Heiser, Sr,
2017).
As women were being encouraged to study particular scientific disciplines,
engineering was still viewed as a field of study shut off to women. Traditionally,
technical fields were associated with masculinity limiting engineering to males. In
engineering schools, men made up the administrators, teachers, and the vast majority of
students. As a result of this purely male composition, men formed and dictated the
engineering co-education format and culture. Women who “infiltrated” the system and
studied technical disciplines usually had to find “sympathetic male faculty as sponsors”
in the program (Bix, 2014). Despite sitting in the same lecture halls, completing the same
assignments, and taking identical exams, women were thought of being lesser and the
gender bias was ever present, even down to the language.
Male students were to be called “eds,” and their female counterparts were called
“coeds.” Instead of the originally designated term “eds,” men were actually called
“college students.” There were even nicknames for students, such as Joe College for men
and Betty Coed for women (Bix, 2014). The difference in language for the formal title of
these students bled into these nicknames that further emphasized the blatant gender bias
against female engineering students and clearly sent a message that women were not
welcomed and were not viewed as equals by their male counterparts in engineering.
In spite of bias and discrimination, Elizabeth Bragg earned a bachelor’s degree in
civil engineering from the University of California at Berkeley in 1876, becoming the
first woman in the United States to earn an engineering degree (Society of Women
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Engineers [SWE], 2019). Though women were allowed to study engineering at some
institutions, this movement towards equality was not seen at every institution across the
nation. For example, the California Institute of Technology (Caltech) first accepted
female undergraduate students in 1968, almost 100 years after Bragg graduated. In fact, a
study from 1966 stated only 0.4% of bachelor’s degrees in engineering were earned by
women. Almost 50 years later in 2012, women earned only 19.2% of the bachelor’s
degrees in engineering, part of a larger trend illustrated in Figure 2-1.

80,000
1985, 66,326

Numberof Bachelor's Degrees
in Engineering Earned

70,000

2008, 56,987 2012, 67,282

1980, 52,858
60,000

1996, 51,798
1973, 46,203

50,000
40,000 1966, 35,680
30,000
20,000

1996, 11,316
1980, 5,952 1985, 11,246

10,000
1966, 146
0
1960

2008, 12,921
2012, 15,981
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1970

1980
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2000
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Year
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Note. Data from 1999 not given.
Note. Adapted from Science and Engineering Degrees: 1966-2012, by National Science Foundation,
2015.

Figure 2-1: Quantity of bachelor’s degrees in engineering earned per year in the United
States of America separated by women and men.

During World War II, gender roles were temporarily blurred as more women
stepped into roles previously occupied predominately by men (Milkman, 1987). After the
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war, even though women had been called to serve in the armed forces and in a wide
variety of technical roles in factories, women were forced back into the gender roles of
being a homemaker and mother by society’s standards (Haralovich, 2009).
Though these gender roles were still present, revolutionary women broke the
mold and pursued engineering degrees. These women were essentially stuck in a catch22. As a woman it was only appropriate by society’s standards to become homemakers
and mothers, and women pursuing engineering degrees were viewed as improper women.
At the same time, because they were pursuing an engineering degree, a “men’s only”
field, they were viewed as improper engineers (Bix, 2014). These female trailblazers
were viewed as outcasts in both society and in their academic environment.
These gender biases did not start at the college level nor at adulthood. Children at
a young age were being influenced with gender biases through the marketing of toys.
“Marketers encouraged boys to play with Erector sets and model trains and marketed toy
kitchens and dolls for girls” (Bix, 2014). Even at a young age, appropriate career choices
were being projected onto children based on their gender – boys could grow up to work
in technical fields and girls could only grow up to run the household and be mothers.
This gender bias perception is still to this day impressed on women from a young
age. In a 2005 study, researchers followed male and female adolescents in kindergarten
or first grade through fifth grade (Herbert & Stipek, 2005). The students were asked to
periodically rate their own skills in mathematics and literacy. Along with the students,
their parents and teachers were also asked to rate the students’ skills in mathematics and
literacy. Starting as early as third grade, female students rated their own math skills lower
than their male counterparts, even though there was no difference in performance.
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Surprisingly, not only did the female students rate their skills lower than their male
counterparts, but their parents also did. Herbert & Stipek’s analysis (2005) showed that
parents’ rating of their student’s math skills were strong predictors of how the student
perceived their own math abilities. Thus, female adolescents were led to believe they
were weaker in math than their male counterparts. This ultimately shapes women’s views
of themselves, their abilities, and in due course, impresses upon them that STEM fields
are not for women but only for men.

2.2.1

Efforts by Educational Institutions to Increase Number of
Female Engineering Students

Several routes can be taken by educational institutions to increase the number of
women in engineering. For instance, a university may focus on recruiting more students
or retaining the current students. Alternatively, if nothing is being done to improve the
retention of female students, then the number of female students initially majoring in
engineering must increase in order for the overall number of female students in
engineering to increase. As detailed in section 2.1, adolescent women are already
doubting their math abilities, and as a result, excluding themselves from fields involving
mathematics. One theory to increase the number of women majoring in engineering is
intervening not at the high school level when these gender-based stereotypes have already
been present for several years, but earlier in their education (Nadelson & Callahan, 2011).
Steffens, Jelenec, and Noack (2010) found that “the implicit assumption that math is not
for girls is already observed among girls at age nine” (Ellemers, 2018). In addition,
VanLeuvan (2004) discovered that girls’ interest in math and science decreased nearly
15% between middle school and high school.
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Multiple researchers have found that STEM outreach programs for female
students have had positive effects on the students’ view of STEM fields. One of these
programs’ goal is to help instill an interest in STEM in these young women. This interest
in STEM fields can often become a driving factor when choosing a career to pursue
(Hall, Dickerson, Batts, Kauffmann, & Bosse, 2011). Hughes (2015) in addition to Wang
and Degol (2013) found that interventions by these outreach programs can aid in the
deflection of stereotype threat and peer pressure, in addition to boosting their STEM
identity.
Specifically, Demetry and Sontgerath (2017) studied the effect of participating in
an immersive engineering summer program on female students’ decision to pursue an
engineering major in college. Researchers tracked 731 women who applied to participate
in a two week-long engineering camp, Camp Reach, from 1997 to 2010. At the time of
their application, these female students, in 6th grade at the time, expressed an interest in
pursuing a STEM career. Of the 731 applicants, 419 students were selected to participate
in Camp Reach. Researchers considered the 312 students who were not accepted to and
did not participate in Camp Reach as their control group. Demetry and Sontgerath (2017)
then compared the listing of Camp Reach participants and non-participants to the
application, admissions, and enrollment data from Worcester Polytechnic Institute.
Demetry and Sontgerath (2017) found that students who participated in the engineering
outreach program enrolled at Worcester Polytechnic Institute, a university highly
concentrated with STEM degree programs, at higher rates than students who did not
participate in the outreach program, showing a positive correlation between female

10
students who participate in engineering outreach programs and their decision to major in
a STEM field.
These studies mentioned are just a few that address some of the questions and
challenges that arise when trying to increase the number of female students enrolling in
engineering. These outreach program methods take time. The outreach program
intervention more effectively takes place prior to high school, which is a minimum of
four years prior to the student pursing a STEM degree. While seeking to increase the
number of women in engineering, this study focuses on retaining female undergraduate
students currently pursuing an engineering degree.

2.3

Considering the Perspective of the Female Engineering Student

To improve retention, researchers have begun to seek a better understanding of
the experiences of female engineering students. Reasons why someone chooses a college
major are complicated and due to a number of factors, including money, prestige,
parental influence, self-efficacy, etc. (Kuz'mina, 2014; Lee, 2009). However, once a
student has picked a major, other factors influence whether or not they will be successful.
2.3.1

Stereotype Threat
Human behavior is often determined, or at least influenced, by a desire for a sense

of belonging or initial acceptance into a group (Baumeister & Leary, 1995; Dasgupta,
2011; MacDonald & Leary, 2005). When a subcategory of people is in the minority of a
larger group, members may begin to question their ability to accomplish tasks, to
perform, and even their qualifications to belong in such a group. This occurrence has
been categorized as a “stereotype threat,” a likelihood or risk of fulfilling a negative
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stereotype associated with their minority group rather than achieving success based on an
individual’s level of skill and ability (Dennehy et al., 2018; Steele & Aronson, 1995).
Pressures associated with stereotypes, among many other factors, can play a large
part in a student’s experience in a degree program and influence, consciously or
subconsciously, his or her decision to persist in an engineering program as well as impact
their performance. Prejudices surrounding stereotypes can go so far as to inflict a sense of
failure resulting in the student leaving their major even when their performance is of
equal caliber to their peers’ performance. This occurs especially in “achievement
domains,” such as a college course (Dasgupta, 2011).
Stereotype threat commonly experienced by underrepresented students has been
well-document in STEM disciplines (Danaher & Crandall, 2008; Gunderson et al., 2012;
Logel et al., 2009; Shapiro & Williams, 2012; Spencer, Steele, & Quinn, 1999). Within
these STEM disciplines, women comprise one large category of underrepresented
students in engineering.
In 2015, women earned over half of all bachelor’s degrees awarded in the United
States but earned only 20% of the bachelor’s degrees in engineering (National Center for
Education Statistics, 2018; National Girls Collaborative Project, 2020). Intellectual
ability is not dictated by one’s X or Y chromosome (Feingold, 1994). Women are clearly
capable of earning a college education, but why are women not succeeding in STEM?
Crocker et al. (2003) explored the idea that female students associate their value
with their academic performance more so than their male counterparts. When a female
student fails, their view of themselves and their ability drastically decreases to a greater
degree than male students. On the contrary, when a female student succeeds, their
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confidence does not improve as with such magnitude (Crocker et al., 2003). Because of
this, female students in engineering can become too focused on their performance,
particularly their failures, which ultimately can shape and dictate their interest in the topic
and drive to continue to pursue their degree.
Danaher and Crandall (2008) re-examined a study conducted by Stricker & Ward
(2004) in which students taking the Advanced Placement Calculus AB exam and the
Computerized Placement Tests were asked to provide their ethnicity and gender either
before or after taking the exam to see if stereotype threat had any effect on their scores.
Stricker and Ward (2004) found no relation between female students and their test scores
when providing their gender on the exam regardless of timing, before or after taking the
exam. Arguing that Stricker and Ward’s criterion used in their study was too
conservative, Danaher and Crandall (2008) re-examined Stricker and Ward’s data (2004)
and found that “women benefited substantially on the Calculus test… when
demographics were asked after testing rather than before.” The results of Danaher and
Crandall’s study (2008) show that by simply asking female students to provide their
gender after completing the Calculus exam, a subject in which men are thought to be
stronger, female students are less affected by stereotype threat, thus performing better on
the Calculus exam.
Logel et al. (2009) further studied the impact of stereotype threat on women after
interacting with men categorized as either sexist or nonsexist. For this experiment, a
female student was paired with a male student from one of the previously mentioned
categories, and the two students were asked to first discuss a newspaper article which
described a quarrel between the female CEO of an information technology company and

13
the son of one of the company’s founders regarding a potential merger. Next, the
subjects were asked to then complete an engineering exam. Logel et al. found that women
who were paired with sexist men performed worse than those women who were paired
with nonsexist men. Researchers repeated a similar experiment where the subjects were
asked to take a math exam and an English exam (Logel, et al., 2009). Again, the female
students paired with sexist male students performed worse on the math exam than those
female students paired with nonsexist male students. On the contrary, the level of sexism
of their male partners did not influence the female students’ English exam scores, with
English being a subject traditionally not characterized as a male dominated field. This
study by Logel et al. (2009) shows how detrimental a threatening environment can be to
female students’ performance on exams in subjects that are traditionally recognized as
male dominated fields.
Previous researchers have asked questions regarding the performance of women
when in the minority of a domain and, consequently, inflicted by stereotype threat.
Research by Spencer, Steele, and Quinn (1999) suggests that stereotype threat may be
present for women without any of the opposing non-group members, men, present.
Spencer, Steele, and Quinn (1999) found that high-achieving female students scored
significantly lower than their male counterparts on a math exam when informed that male
students statistically outperformed female students on this particular exam. This research
resulted in the idea that stereotype threat exists on its own without the outside influence
of the dominant group present (Spencer, Steele, & Quinn, 1999).
Just a year later, Inzlicht and Ben-Zeev (2000) suggested that being in a setting in
which female students were outnumbered by their male counterparts, referred to as a
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“threatening intellectual environment,” would negatively influence the female students’
confidence in their mathematical abilities, thus, performing worse than their male
counterparts. Their research consisted of two experiments in which female participants
took an exam in one of two conditions: (1) same-sex or (2) minority. In addition, the
participants took either a mathematics exam, considered the stereotyped domain, or a
verbal exam, considered the non-stereotyped domain (Inzlicht & Ben-Zeev, 2000).
For their first experiment, 72 female students were randomly placed in one of four
conditions: (1) mathematics exam in the minority condition, (2) mathematics exam in the
same-sex condition, (3) verbal exam in the minority condition, and (4) verbal exam in the
same-sex condition, as depicted in Figure 2-2. The participants were informed that their
results on these exams would be reported orally to the other members of their group. All
male participants in this first experiment were research assistants and were not studied.

Figure 2-2: Experiment design of Inzlicht and Ben-Zee’s first experiment (2000)

From this experiment, researchers found that women in the minority condition
scored significantly lower than women in the same-sex condition only on the math exam,
the stereotyped domain, but not on the verbal exam, the non-stereotyped domain, as
shown in Figure 2-3. The results from this first experiment show that women in
threatening intellectual environments who are outnumbered by their male counterparts
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tend to perform more poorly than when they are surrounded by ingroup peers (Inzlicht &
Ben-Zeev, 2000).

Note. Adapted from A threatening intellectual environment: Why females are susceptible to experiencing
problem-solving deficits in the presence of males, M. Inzlicht & T. Ben-Zeev, 2000.

Figure 2-3: Accuracy of test performance, corrected for Scholastic Aptitude Test (SAT)
score, as a function of sex composition of group and test type.
Inzlicht and Ben-Zee’s second experiment (2000) had 92 female and male
students randomly placed in one of four conditions: (1) minority condition, (2) mixed-sex
majority condition, (3) female same-sex condition, and (4) male same-sex condition, as
depicted in Figure 2-4. Unlike the first experiment, the male participants in this
experiment were studied.
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Figure 2-4: Experiment design of Inzlicht & Ben-Zee’s second experiment (2000).

The procedure of the second experiment followed the same as the first.
Researchers found that women in the minority condition scored significantly lower than
the women in the female same-sex condition, as shown in Figure 2-5. On the contrary,
male students’ performance was not affected by the group composition in which they
were members (Inzlicht & Ben-Zeev, 2000).

Note: Adapted from A threatening intellectual environment: Why females are susceptible to
experiencing problem-solving deficits in the presence of males, M. Inzlicht & T. Ben-Zeev, 2000.

Figure 2-5: Accuracy of test performance, corrected for Scholastic Aptitude Test (SAT)
score, as a function of sex composition of group and sex of participant.
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Inzlicht and Ben-Zeev (2000) further looked at the performances of women in the
different sex compositions: (1) minority condition, (2) mixed-sex majority condition, and
(3) the female same-sex condition. The results of this analysis showed a significant
pattern. As the number of males in the conditions increased, the women’s performance
decreased.
Overall, this research shows that women’s performance on mathematics exams,
the stereotype domain, suffers when surrounded and outnumbered by male students
(Inzlicht & Ben-Zeev, 2000).
2.3.2

Combating Stereotype Threat with the Stereotype Inoculation Model
To mitigate stereotype threat, Dasgupta (2011) proposed the stereotype

inoculation model. In this model, peers or experts of the same minority group serve as
“social vaccines” who protect and bolster other group members against stereotype threat.
The stereotype inoculation model proposes that when a person has contact with
ingroup experts and ingroup peers, the individual’s sense of self improves because being
surrounded by like people helps to “inoculate” or protect against stereotype threat,
especially in a high-stakes achievement context, such as a college course (Dasgupta,
2011). This new sense of belonging and confidence in their skills will strengthen their
desire to pursue goals within that field. This is especially important for students or
professionals in the early years of their career, be it academic or professional, when selfdoubt can be prominent and have a disproportionate impact on their performance and
self-perception (Dasgupta, 2011; Dasgupta, Scircle, & Hunsinger, 2015).
The positive impact on female students from exposure to ingroup experts depends
heavily on the relationship between the ingroup expert and the individual facing
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stereotype threat. If the individual can personally identify with the ingroup expert, the
individual will be able to see the ingroup expert as a “future possible self.” Thus, the
individual can imagine themselves as successful and begin to increase their sense of
belonging in the field.
Dasgupta (2011) also suggests that those individuals affected by the stereotype
inoculation model will most likely be unaware that they are being influenced by ingroup
peers and experts. Though they may be unmindful of the impact of these ingroup peers
and experts, the individuals will begin to move towards areas in which ingroup members
are present and visible rather than areas in which ingroup members are scarce.
In addition, Dasgupta (2011) proposes four interconnected variables that help to
inoculate threatened individuals from stereotype threat. These four variables include (1)
the individual having a strengthened sense of belonging in the domain, (2) an increased
self-efficacy, (3) a feeling of being challenged in difficult situations, and (4) a sense of
feeling less threatened in the domain. As a result of these four variables, Dasgupta (2011)
predicts that the stereotype inoculation model will help threatened individuals to
participate more actively, improve their performance, and continue progressing in these
“high achievement domains.”
Stout, Dasgupta, Hunsinger, and McManus (2011) showed ingroup experts
especially benefit women in STEM. After interactions with ingroup experts, such as
engineering upperclasswomen, female engineers, and female STEM instructors, female
students’ opinion of STEM disciplines improved, their desire to pursue a career in STEM
fields strengthened, and their views of their own ability in being successful in STEM
courses and careers improved. In addition, seeing successful female engineers and
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scientists helped female STEM students to not apply negative stereotypes to themselves,
but unfortunately it did not help to completely dissociate STEM fields with being more
suitable for men (Stout, Dasgupta, Hunsinger, & McManus, 2011).
2.3.3

The Importance of Ingroup Peers to Female Student Success
Prior to 2015, most research that studied the effects of group compositions on

women in male-dominated fields looked at extreme cases, observing groups in which
there was a single woman in the group of male students or groups that only consisted of
women (Dasgupta, Scircle, & Hunsinger, 2015; Sekaquaptewa & Thompson, 2003).
Other research focused on groups in which participants did not interact with each other.
Instead, female students were, for example, only shown videos of ingroup peers. These
studies did not thoroughly analyze the effects of different gender compositions and
interactions with ingroup peers on female students as minorities in domains (Lord &
Saenz, 1985).
Alternatively, Meadows and Sekaquaptewa’s study (2011) was conducted in
which groups of varying gender composition within an engineering class were
nonrandomly assigned by the instructor. The results showed that the female students were
not affected by the gender composition of the groups. Because the instructor assigned the
groups, the instructor could have potentially imprinted their opinion of the individual
students in the group makeups. This nonrandom assigning of groups could potentially
have confounded the results of this research (Meadows & Sekaquaptewa, 2011).
To address the small numbers of women in engineering and to create a more
realistic situation in the field, researchers introduced “microenvironments,” or small
group situations, to study how varying gender compositions with active participants
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influenced women in male dominated fields over short periods of time.
Microenvironments provide the setting for interaction between subjects which is
especially important when studying male dominated fields, an opportunity to study
groups of varying gender compositions despite the low number of women in the field.
In Dasgupta, Scircle, and Hunsinger’s study (2015), microenvironments were
made up of four people: one naïve participant and three research assistants. The naïve
participant in these groups was always a female engineering undergraduate student, and
the three research assistants’ gender varied per microenvironment. The naïve participant
was unaware not only of the gender manipulation of these microenvironments but also
that the other three group members were research assistants who had been coached and
instructed to behave the same in each environment and test group. There were three
forms of microenvironments created: (1) female minority, (2) female parity, and (3)
female majority. Female minority microenvironments were composed of 25% women.
Female parity groups were composed of 50% women, and female majority
microenvironments were made up of 75% women. These varying gender composition
groups are depicted in Figure 2-6. The asterisk (*) above the cartoons in Figure 2-6
designate the naïve participant in the microenvironment (Dasgupta, Scircle, & Hunsinger,
2015).
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Note. Asterisk (*) designates naïve participant.

Figure 2-6: Gender composition of microenvironments in Dasgupta, Scircle, Hunsinger,
2015 study.

In this study, the naïve participants met with their fellow group members for a
brief period to get acquainted with each other and ultimately to be exposed to the gender
composition of their working group. The participants in the microenvironment were then
separated into their own cubicles. While in their cubicle, the naïve participants were
given an engineering problem they were to work with their group members and a chance
to individually work on the assignment prior to rejoining their group. While in their
individual cubicle, the naïve participants also revealed how they were feeling about
rejoining their group to work on this project: worried (threatened) or eager (challenged)
(Dasgupta, Scircle, & Hunsinger, 2015).
The naïve participants then rejoined their small group to work on the engineering
problem together. During this activity, the research assistants in these microenvironments
assessed the naïve participants’ behavior. After working on the engineering problem, the
participants returned to the individual cubicles where several measures were assessed,
including the naïve participants’ confidence, career ambitions, and perceived gender
distinctiveness.
First, researchers analyzed the effect of the gender composition of
microenvironments on the naïve participants’ assessment of feeling threatened relative
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to feeling challenged prior to working in their group. A threat vs. challenge ratio greater
than one implies the participants felt more threatened than challenged about working in
groups; a ratio less than one implies the participant felt more challenged than threatened.
As shown below in Figure 2-7, researchers found that women in female minority groups
felt significantly more threatened than challenged compared to the women who were in
female parity or female majority microenvironments (Dasgupta, Scircle, & Hunsinger,
2015).

Note. Adapted from Female peers in small work groups enhance women's motivation, verbal participation,
and career aspirations in engineering, Dasgupta, Scircle, & Hunsinger, 2015.

Figure 2-7: Effect of group gender compositions on appraisals of threat and challenge
experienced by female engineering students in anticipation of group work.
Researchers also examined whether the naïve participants’ stage in their academic
career affected their feelings of threat vs. challenge. Researchers found that first-year
female students expressed significantly more threat in comparison to female students who
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were further along in their curriculum, shown in Figure 2-8. These results further show
the importance of inoculating stereotype threat at times when minorities are the most
vulnerable - at the beginning of their academic career (Dasgupta, Scircle, & Hunsinger,
2015).

Ratio of Threat vs. Challenge

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Female Majority

Female Parity

Female Minority

Gender Composition of Groups
First-Year Students

Advanced Students

Note. Adapted from Female peers in small work groups enhance women's motivation, verbal participation,
and career aspirations in engineering, Dasgupta, Scircle, & Hunsinger, 2015.

Figure 2-8: Effect of group gender composition and academic life stage (first-years vs.
advanced students) on appraisals of threat and challenge.

Dasgupta, Scircle, and Hunsinger (2015) also studied the behavior of the naïve
participants in their varying gender composition groups. As mentioned above, the
behavior of the naïve participants was assessed by the research assistants who served as
the other three members in each group. The research shows that women in female
majority groups participated significantly more than those in parity groups or female
minority groups, as shown in Figure 2-9 (Dasgupta, Scircle, & Hunsinger, 2015).
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Note. Adapted from Female peers in small work groups enhance women's motivation, verbal participation,
and career aspirations in engineering, Dasgupta, Scircle, & Hunsinger, 2015.

Figure 2-9: Effect of group gender composition on women’s verbal participation during
group work.

Dasgupta, Scircle, and Hunsinger (2015) also analyzed how the
microenvironment composition affected the female participants’ view of engineering,
specifically implicit stereotypes about engineering being a masculine domain. The
researchers found that women in female minority groups had significantly lower
confidence in their abilities to be successful in engineering and had stronger implicit
stereotype that engineering was a field for men. On the contrary, women in the parity and
female majority groups did not associate implicit stereotype with their confidence in their
own abilities.
Lastly, the researchers analyzed how the gender compositions of the groups
impacted the female participants’ intent to pursue engineering. Like the prior analysis
results, women with strong implicit stereotypes about engineering who were also in the

25
female minority groups were significantly less interested in continuing in engineering.
For women in the parity and female majority groups, no association between implicit
stereotypes and their desire to pursue engineering was found.
Women who were placed in the female majority groups showed the most positive
impacts through this research. First, these women had a more positive experience in their
working groups than the women who were assigned to female minority groups. The
female majority group participants also had a stronger feeling of being challenged by the
engineering problem and their working group rather than feeling threatened. This
stronger sense of eagerness to participate in the group and consequently weaker sense of
worry was especially evident for first-year students. Not only were women in the female
majority groups more eager to work in their groups, but they were also more vocal and
had greater participation within these groups. Lastly, women in female majority groups
were able to deflect negative stereotypes and not allow these stereotypes to influence
their confidence in their own abilities to be successful in engineering.
As for the female students in the parity groups, they experienced some of the
positive impacts that the female majority group participants experienced. These positive
impacts include female participants feeling more challenged, less threatened, and a strong
sense in their ability to defend against negative stereotypes. However, like the women in
female minority groups, women in parity groups did not verbally participate as much as
the women in the female majority groups.
Overall, this study shows that microenvironments of parity or female majority
have positive effects on female students in masculine domains (Dasgupta, Scircle, &
Hunsinger, 2015). These microenvironments help to inoculate against the ever-present
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stereotype threat in engineering, allowing female students to more confidently pursue
careers in engineering without the noise and distractions of negative stereotypes.
According to Dennehy et al., (2018) a study is underway in which students were
assigned to three-person teams in a science college course. The researchers varied the
gender compositions of these small groups to study how a longer term, a semester in this
case, impacts the views of female and male students in regard to performance and
belongingness (Dennehy et al., 2018; Smith, Moore, & Dasgupta, 2017). Though this
research is within a college course. The researchers are only manipulating the gender
composition of the students’ small groups or teams, not the entire classroom gender
composition.
The studies above showed positive impacts on female STEM students’ selfconfidence in their mathematics ability, likelihood of pursuing a STEM degree, higher
performance on mathematics exams, increased involvement in engineering group
projects, etc. Due to their small sample size and short duration, these studies are not
representative of what happens in a classroom over a full term.

CHAPTER 3
STUDY SETTING: LIVING WITH THE LAB
STUDENT EXPERIENCE
Unlike most engineering programs, students at Louisiana Tech University are
submerged in foundational engineering topics, hands-on experiences, and group projects
through the first-year Living With the Lab engineering curriculum. In this program,
students are seated at tables with up to three other students in a lab setting. Students are
encouraged to work together on projects and on their individual tasks with support from
their classmates. The increased likelihood of peer interaction between classmates due to
the curriculum and classroom format is one reason this particular course was chosen for
this study instead of a traditional lecture course.
This chapter further supports why this particular course was chosen to conduct
this study, the requirements to begin in this program, and what the Living With the Lab
curriculum entails.

3.1
3.1.1

Curriculum

Importance of First-Year Engineering
As discussed in Chapter 2, research shows that first-year female students feel

significantly more threatened, rather than challenged, when in female minority groups
compared to being in a parity or a female majority group. Interestingly, female students
who were further along in their curriculum did not feel threatened as a result of the group
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gender makeup: female minority, parity, or female majority (Dasgupta, Scircle, &
Hunsinger, 2015). Because advanced students’ academic self-concept is more developed,
female students further along in their academic career are less vulnerable and thus at a
lower risk of succumbing to stereotypes surrounding engineering. According to
Dasgupta, Scircle, and Hunsinger’s research (2015), the intervention of gender
manipulated classrooms should have a more positive effect on female students in their
first year of engineering rather than further along in their academic career. Thus, this
study focuses on the retention of first-year engineering female students enrolled in
Louisiana Tech University’s Living With the Lab program.
3.1.2

Admittance into Louisiana Tech University
When a prospective undergraduate student wishes to attend Louisiana Tech

University, they apply for admissions to the University through the Office of Admissions.
Through the application process, the prospective student completes the application for
undergraduate admissions, which is then reviewed by the Office of Admissions to ensure
the admittance requirements are met.
To be admitted to Louisiana Tech University, a prospective freshman must meet
the specific admissions requirements according to their residence classification: in-state
or out-of-state/home-schooled. Table 3-1: displays the requirements for both in-state and
out-of-state students.
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Table 3-1:

Louisiana Tech University admissions requirements for in-state and
out-of-state freshman applicants.

Residence
Classification

Regents Core Units
(Core 4 Curriculum)

Minimum Composite Minimum
ACT/SAT* Score
Core GPA

Minimum
Overall GPA

(1)

19

23/1130

n/a

2.0

(2)

19

15/830

2.5

n/a

(1)

n/a

26/1240

n/a

2.0

(2)

17

23/1130

2.5

n/a

In-state

Out-of-state
or
Homeschooled

(3) meet in-state requirements above

Note. SAT* – Based on scores earned on tests post-March 2016.

In addition to the requirements based on their residence classification, listed in
Table 3-1, all students applying for freshman undergraduate admissions must meet the
requirements in Table 3-2.

Table 3-2:

Louisiana Tech University admissions requirements for all freshman
applicants.

Remedial Courses

Minimum
Math ACT/SAT* Score

Minimum English ACT/ Evidence-Based
Reading and Writing SAT Score

0

19/510

18/500

Note. SAT* – Based on scores earned on tests post-March 2016.

If the appropriate admittance requirements are met, the student is admitted to the
University. Of the 129 participants in this study, 99.2% were non-transfer freshman
students.
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3.1.3

Admittance into the College of Engineering and Science
Through the applications process, the prospective student chooses at least one of

the 57 undergraduate degree programs offered at Louisiana Tech University (Louisiana
Tech University, 2018). Louisiana Tech University’s College of Engineering and Science
offers a total of 14 degree programs, including eight engineering degree programs, four
science degree programs, and two engineering technology degree programs. The College
of Engineering and Science does not have admissions requirements in addition to the
requirements of the University, shown in Table 3-1 and Table 3-2. If a prospective
student meets the University’s admissions requirements and declares their major as one
of the College of Engineering and Science’s 14 degree programs, the student is accepted
not only by the University but also by the College of Engineering and Science.
Though the College of Engineering and Science does not have its own unique
admissions requirements, there are prerequisites to enroll in the initial courses of the
curricula.
In the College of Engineering and Science, there are eight engineering degree
programs: biomedical, chemical, civil, cyber, electrical, industrial, mechanical, and
nanosystems engineering. For all incoming students who declared one of these eight
engineering degree programs as their major, their curricula begins with the first-year
engineering series: Living With the Lab. The Living With the Lab curriculum will be
further discussed in section 3.2.
3.1.4

Requirements for Enrolling in First-Year Engineering Curriculum, Living
With the Lab
Placement into courses is determined by the students’ ACT/SAT Math score,

transfer credits, Advanced Placement (AP) exam scores, and College Level Examination
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Program (CLEP) exam scores. Students who score 26 or higher on the Math portion of
the ACT or 610 or higher on the Math portion of the SAT can begin in the Living With
the Lab curriculum. Students who score 22 to 25 on the Math portion of the ACT or
between 540 and 600 on the Math portion of the SAT will need to meet one of the
following requirements to start the Living With the Lab curriculum: (1) accepted transfer
credit for Louisiana Tech University’s MATH 101: College Algebra course, (2) score of
three or higher on the AP Calculus AB exam, or (3) a score of 50 or higher on the CLEP
College Algebra exam. Students who score 19 to 21 on the Math portion of the ACT or
between 510 and 530 on the Math portion of the SAT must meet one of the following
requirements to start in the Living With the Lab curriculum: (1) accepted transfer credit
for Louisiana Tech University’s MATH 100B & MATH 100C: College Algebra and
MATH 112: Trigonometry, or (2) a score of three or higher on the AP Calculus AB
exam. An overview of these requirements is shown in Table 3-3.

Table 3-3:

Living With the Lab curriculum requirements.

Math ACT/SAT*
Score

One of the Below
Accepted Transfer
Credit

AP: Calculus AB Exam

CLEP: College
Algebra Exam

> 26 / > 610

n/a

n/a

n/a

22-25 / 540-600

MATH 101: College
Algebra

>3

> 50

>3

n/a

19-21 / 510-530

MATH 100B &
MATH 100C:
College Algebra
AND
MATH 112:
Trigonometry

Note. SAT* – Based on scores earned on testing post-March 2016.
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If a student meets the requirements in Table 3-3 the student will be advised for
and enrolled in the initial courses of their engineering curriculum, the Living With the
Lab program. The courses in the Living With the Lab program include ENGR 120:
Problem Solving I, ENGR 121: Engineering Problem Solving II, and ENGR 122:
Engineering Problem Solving III.
3.1.5

Section Types: Honors vs. Non-honors
For fall, winter, and spring quarters, all three courses of the Living With the Lab

curriculum are offered. During the quarter in which the main cohort of Living With the
Lab students are enrolled, ENGR 120 in fall quarter, ENGR 121 in winter quarter, and
ENGR 122 in spring quarter, several sections of an honors version of the course are also
offered. These courses are designated with the same course number but with the alpha
character rubric “HNRS.” For example, the honors version of ENGR 120 is designated as
HNRS 120.
In both versions, honors and non-honors, the same material is covered in the same
manner at the same rate. All students, honors and non-honors, have the same assignments
and take the same exams. The only differences between the two versions of the courses
are the class sizes, an additional service hour requirement, and smaller group sizes on
projects. Honors classes are limited to 24 seats, and non-honors classes can hold up to 44
seats. Students in honors classes are required to perform five hours of service each
quarter. Lastly, student project groups in the honors sections typically involve two or
three students rather than three or four students in the non-honors sections.
To be admitted into the engineering honors courses, the student first must meet
the requirements of the University’s Honors College. These requirements include a
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Composite ACT score of 28 or higher or a Composite SAT score of 1300 or higher.
Alternatively, if a student has a Composite ACT score of 27 or a Composite SAT score
between 1260 and 1290 and are in the top 5% of their high school graduation class, they
can be admitted to the University’s Honors College (Louisiana Tech University, 2020).
In addition to the University’s Honors College requirements, to enroll in the
Living With the Lab engineering honors courses, students must also have a Math ACT
score of 28 or higher or a Math SAT score of 660 or higher. These requirements are
shown in Table 3-4.

Table 3-4:

Requirements of honors engineering program.

Option

Composite ACT/SAT*

Math ACT/SAT*
Score

High School Class
Ranking

(1)

> 28 / > 1300

> 28 / > 660

n/a

(2)

27 / 1260-1290

> 28 / > 660

top 5%

Note. SAT* – Based on scores earned on tests post-March 2016.

3.1.6

Integrated Curriculum
An additional element of the Living With the Lab curriculum is the integrated

curriculum, including the block schedules in which students’ freshman courses are
“blocked” together as shown in Table 3-5. A group of students attend the same
engineering and math sections together. The block schedules were implemented to foster
greater cooperation between students, help the students form their own support networks
and study groups, and ultimately aid in the retention of these students. Research shows
that students are more likely to conquer challenging tasks, including persisting to
graduation, when they are surrounded by other students facing the same tasks (Kuh &
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Love, 2000; Styron Jr & Roberts, 2010). Students rise to greater challenges when their
peers are also striving to accomplish the same goals.

Table 3-5:

Freshman engineering blocked courses.

First Quarter

Second Quarter

Third Quarter

ENGR 120: Engineering
Problem Solving I

ENGR 121: Engineering
Problem Solving II

ENGR 122: Engineering
Problem Solving III

MATH 240: Precalculus

MATH 241: Calculus I

MATH 242: Calculus II

3.2

Living With the Lab

To help better illustrate the Living With the Lab program as a whole, the
remainder of this chapter describes in greater detail the formulation of the program,
engineering concepts covered in the courses, and projects conducted to enhance students’
educational experience.
3.2.1

Inception
In the mid-1990s, with support from the National Science Foundation, many

universities began to move away from the traditional lecture format class to a more active
learning format (National Science Foundation, 2014). At Louisiana Tech University, the
College of Engineering and Science began to restructure their engineering curriculum by
forming multiple variations of an Integrated Engineering Curricula (Crittenden, Hall, &
Brackin, 2010). The faculty’s goal was to create an active learning environment with a
laboratory element at the freshman level for students to build their confidence and
creativity while learning basic engineering principles.
As the College of Engineering and Science faculty were working through multiple
iterations of the Integrated Engineering Curricula, one of the challenges they continually
faced was wanting to offer a more active learning classroom environment with a
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prominent laboratory element, while also balancing the resulting laboratory substructure
that required substantial time for setup, additional time for tear down, and increased costs
(Crittenden, Hall, & Brackin, 2010). Through their hard work and determination, a
solution was found, and Living With the Lab was born.
3.2.2

Living With the Lab – Laboratory
Living With the Lab is a hands-on curriculum taught in a laboratory environment.

The unique characteristic of Living With the Lab and the solution to the faculty’s earlier
obstacle was a low-cost laboratory owned by the students. In its inception in 2007, the
center of the student-owned laboratory was the Parallax BOE-Bot microcontroller
(Parallax, 2020). The BOE-Bot microcontroller was the “brain” of the laboratory and was
used throughout the projects in the freshman curriculum, further discussed below and
shown in Table 3-6.

Table 3-6:

Summary of Living With the Lab content.

Course

Engineering Fundamental
Concepts

Projects

ENGR 120: Engineering
Problem Solving I

Electricity,
Conservation of Energy,
Efficiency,
Linear Regression Analysis

Pump Fabrication,
Pump Testing and
Analysis,
Robotics Challenge

ENGR 121: Engineering
Problem Solving II

Conservation of Energy,
Conservation of Mass

Fish Tank
(Control Temperature and
Salinity of Water)

ENGR 122: Engineering
Problem Solving III

Statics, Gears,
Conservation of Energy,
Engineering Economics

Open-Ended Smart Product
Design

Note: Adapted from Work in Progress: Redesigning Curriculum to Foster Student Success, Corbett,
2018.
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In addition to the BOE-Bot, each student-owned laboratory kit included tools such
as a solderless breadboard and multimeter; electrical components, including LEDs,
resistors, and capacitors; a pair of safety glasses; a dial caliper; a multipack of precut
wire; as well as a host of traditional tools including screwdrivers, needle nose pliers, and
wire strippers. Additionally, all students were required to have a laptop to access notes,
run programming software for the BOE-Bot, and run SolidWorks for 3D modeling
assignments.
Because of the increased use of the Parallax BOE-Bot microcontroller in high
school curriculums, the Living With the Lab faculty saw the need to transition the
freshman curriculum to a more advanced microcontroller that students had not worked
with in high school (Corbett, 2018). As a result, in 2011, the Living With the Lab
curriculum replaced the BOE-Bot with the Arduino microcontroller. The Arduino
microcontroller is an open-source platform which offers additional functionality and
programming capabilities compared to the BOE-Bot (Arduino, 2020).
3.2.3

Living With the Lab – Courses
With Louisiana Tech University on the quarter system, the Living With the Lab

curriculum was designed as a three-course series consisting of three – two semester hour
courses: ENGR 120: Engineering Problem Solving I, ENGR 121: Engineering Problem
Solving II, and ENGR 122: Engineering Problem Solving III; totaling to six semester
credit hours.
In these courses, foundational, core engineering principles and concepts are taught
through a combined lecture-lab format. The lecture portion of the course introduces the
engineering topics, and the lab portion of the course allows students to implement and
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practice these topics in a hands-on experience. A summary of the course content is shown
in Table 3-6.
In the first portion of ENGR 120: Engineering Problem Solving I, the students are
introduced to electricity and conservation of energy while interfacing their Arduino
microcontroller with circuits containing resistors, LEDs, photoresistors, and other
electrical components. At the end of the quarter, the students gather their knowledge of
programming and circuitry to participate in a robotics challenge, utilizing the Arduino in
a robotics apparatus, shown in Figure 3-1.

Figure 3-1: The robot built by students in ENGR 120: Engineering Problem Solving I
(Living With the Lab, 2019).

In the second portion of the ENGR 120 course, the students are taught the concept
of efficiency and how to conduct a linear regression analysis. In small teams, the students
apply these new concepts to model, fabricate, and calculate the efficiency of a centrifugal
pump, shown in Figure 3-2. Throughout this project, students use the 3D modeling
software, SolidWorks, to draw a 3D model of the centrifugal pump, and later a milling
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machine to fabricate the centrifugal pump. After fabrication concludes, the students test
the efficiency of the pump and present their findings in a report.

Figure 3-2: Centrifugal pump built by students in ENGR 120: Engineering Problem
Solving I (Living With the Lab, 2017)

In ENGR 121: Engineering Problem Solving II, the students are tasked with
building a “fish tank” in which they apply newly introduced topics of conservation of
energy and conservation of mass. The fish tank, shown in Figure 3-3, is a closed system
in which the students are tasked with controlling the salinity and temperature of the water
in the fish tank utilizing the Arduino and multiple sensors.
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Figure 3-3: The fish tank project built by students in ENGR 121: Engineering Problem
Solving II (Living With the Lab, 2017).

The students control the temperature of the water in the fish tank by using a
thermistor to measure the temperature of the water and energizing a heater controlled by
the Arduino to heat the water.
The students control the salinity of the water in the fish tank by utilizing a
conductivity sensor, which they fabricate, to measure the salinity of the water. On the top
of the fish tank structure are two tanks: one containing deionized water and the other
containing salty water. Utilizing the solenoid valves connected to each upper reservoir,
the students add salty water or deionized water to increase or decrease the salinity of the
main tank.
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In the last course in the Living With the Lab curriculum, ENGR 122: Engineering
Problem Solving III, the students are tasked with formulating, designing, and creating a
unique smart product that incorporates a variation of a control system utilizing the
Arduino and implementing a variety of sensors. Throughout this course, the students are
taught concepts including statics, gears, conservation of energy, and engineering
economics to aid in the design, fabrication, and marketing of their smart product.
Through homework assignments, students are tasked with exploring several additional
sensors to potentially implement in their smart product (Corbett, 2018). Figure 3-4 and
Figure 3-5 show examples of completed smart products, including the Tracking TV
Cabinet and Contact Lens Cleaner.

Figure 3-4: The Tracking TV Cabinet, a device that ensured the viewer of the television
had a direct line of sight, is an example of one of the many smart products created by
students in ENGR 122: Engineering Problem Solving III (Living With the Lab, 2018).
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Figure 3-5: The Contact Lens Cleaner, a device that automatically cleans contact lenses,
is an example of a smart product designed and fabricated by students in ENGR 122:
Engineering Problem Solving III (Living With the Lab, 2018).

The Living With the Lab curriculum concludes with the Freshman Design Expo,
shown in Figure 3-6. At the Freshman Design Expo, student groups showcase their smart
products in a science fair format. Industry representatives together with Louisiana Tech
University alumni, faculty, staff, and friends volunteer as judges for the event. These
judges listen to presentations from the student groups and grade the projects based on a
variety of categories, including technical content, communication, broader issues, and
teamwork (Living With the Lab, 2014).
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Figure 3-6: Student groups present the smart products they designed and fabricated in
ENGR 122; Engineering Problem Solving III at the Freshman Design Expo (Living With
the Lab, 2018).

Once a student successfully completes the Living With the Lab program, they
move into the second-year engineering curriculum.
The Living With the Lab curriculum is a very unique set of courses for first-year
engineering students to enroll. In most engineering curricula across the country, a student
majoring in engineering will not take an applied engineering course until their sophomore
or junior year. Living With the Lab allows first-year students to gain hands-on experience
while being introduced to fundamental engineering concepts.
As mentioned in Chapter 2, research shows first-year female students are more
negatively affected by stereotype threat than their more academically advanced ingroup
peers. In an effort to retain more female students in engineering disciplines, thus growing
the number of females in the engineering field, an intervention must be conducted at the
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beginning of their academic career. As a result, ENGR 120 and HNRS 120 were the
courses selected for the setting of this study.

CHAPTER 4
FORMULATION OF PARITY CLASSES

4.1

Parity Classes

For this study, we investigated the success of female students in various class
environments distinguished by the gender makeup of their engineering course. We
predicted that female students in parity courses would perform better and be retained at a
higher rate than female students in traditional courses.
4.1.1

Confirmation of Participation
To test our hypothesis, we recruited students to participate in our studies which

took place at Orientation (2020), a three-day preparatory event for incoming students to
acclimate to the University and prepare for the upcoming quarter. Prior to undergoing
advising and registering for courses, students were given the Human Subjects Consent
Form, Retention of First-Year Students in Matched Classes, for this study, provided in
Appendix A.3. “Matched classes” refer to parity classes. If a student was 18 years or
older, he or she could give their consent to participate in the study by signing the Human
Subjects Consent Form. If the student was not yet 18 years old, his or her guardian could
sign the form to give their consent for the student to participate in the study.
The signed Human Subjects Consent Forms were then sorted based on the
students’ course placement, detailed in Table 3-3 and Table 3-4. Only students who gave
their consent to be in a “matched class” and who met the requirements to enroll in ENGR
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120 or HNRS 120 were placed in a parity class. This process was repeated over four
orientation sessions.
4.1.2

Class Makeup
Because the number of female students enrolled in the first-year engineering

program is so limited, it was important to ensure that true parity classes were formed. To
optimize the distribution of female students across the different classes, female students
were enrolled in the parity classes first at each orientation session. Then, an equal number
of male students were enrolled in the parity class to ensure the gender makeup of the
course remained 50% female and 50% male.
This process was repeated each orientation session resulting in 38 students in an
ENGR 120 parity section and originally 40 students divided into two HNRS 120 sections.
For Fall 2017 and Fall 2018 the remaining female students were placed in the other
sections designated as a traditional gender makeup class. In Fall 2017, there were seven
ENGR 120 and four HNRS 120 traditional gender makeup sections. In Fall 2018, there
were eight ENGR 120 and six HNRS 120 sections with traditional gender makeup.

4.2
4.2.1

Study Setup

Timeline of Study
This study encompasses the fall quarter of two academic years, 2017 and 2018. In

each of these quarters, one section of ENGR 120 and two sections of HNRS 120 were
manipulated to be gender parity sections. The remaining female and male students were
randomly placed in other sections of ENGR 120 (seven in Fall 2017; eight in Fall 2018)
and HNRS 120 (four in Fall 2017; six in Fall 2018), depending on their qualifications
shown in Table 3-3 and Table 3-4.
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4.2.2

Breakdown of Parity Sections

4.2.2.1 Fall 2017
In Fall 2017, 38 female students were placed in parity courses, as illustrated in
Table 4-1. One of the HNRS 120 parity sections consisted of ten female students and ten
male students, while the other HNRS 120 parity section consisted of nine female students
and ten male students. The reasoning and implications of this non-exact parity section is
further discussed in section 0.

Table 4-1:
Quarter

Fall 2017

Fall 2018

Gender makeup of parity courses.
Course

ENGR 120
HNRS 120
HNRS 120
ENGR 120
HNRS 120
HNRS 120

Parity Section

Female
Students

Male
Students

Total
Enrollment

1
1
2
1
1
2

19
10
9*
19
10
9*

19
10
10
19
10
10

38
20
19
38
20
19

Note. Asterisk (*) designates imperfect parity courses.

In total, 66 female students were placed in either ENGR 120 or HNRS 120, in
Fall 2017 and consented for their data to be used in this study. Of those women, 38 were
enrolled in parity sections, and the remaining 28 were enrolled in traditional sections for
Fall 2017, shown in Table 4-2.
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Table 4-2:

Female enrollment in parity and traditional courses.

Quarter

Gender Makeup

Parity
Fall 2017
Traditional
Parity
Fall 2018
Traditional

Course

Female Enrollment

ENGR 120
HNRS 120
ENGR 120
HNRS 120
ENGR 120
HNRS 120
ENGR 120
HNRS 120

19
19
25
3
19
19
25
0

4.2.2.2 Fall 2018
In Fall 2018, 38 female students were placed in parity courses, seen in Table 4-1.
Again, one HNRS 120 parity section consisted of ten women and ten men while the other
HNRS 120 parity section consisted of nine women and ten men. Again, discussion of the
reasoning of this occurrence and the implications can be found in section 4.2.3.
In total, 63 female students were enrolled in ENGR 120 or HNRS 120 in Fall
2018 and consented for their data to be used in this study. Of these 63 female students, 38
were enrolled in parity sections, and the remaining 25 were enrolled in traditional
sections for Fall 2018. The breakdown of female enrollment in parity and traditional
sections can be seen in Table 4-2.
4.2.2.3 Complete data overview
The Table 4-1 and Table 4-2 give an overview of the subjects’ placements in this
study. Table 4-1 shows the gender makeup of all parity courses offered for this study.
The data is broken down by the quarter the class was offered, the course in which the
students enrolled, and the gender of the students. The asterisks (*) in Table 4-1 designate
imperfect parity.
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Table 4-2 shows the breakdown of female enrollment by quarter, gender class
makeup, and the course in which the female students were enrolled.
4.2.3

Non-exact Parity Sections
In this study, two of the four parity sections of HNRS 120 were not in exact

parity. These two parity sections had a gender composition of 47.4% women and 52.6%
men.
Though each of these sections was initially designed as an exact parity section,
the students may choose to alter their courses prior to and at the beginning of the quarter.
According to University policy (Louisiana Tech University, 2020), students can adjust
their schedule from the time of registration to the last day of late registration, three days
into the quarter. In accordance with this policy, a female student in each of these two
HNRS 120 parity courses removed themselves from the class leaving researchers without
sufficient time to place another qualified female student in their place without disrupting
another student’s course schedule.
Although these two HNRS 120 sections were not exact parity sections, the
attendance of these non-exact parity sections would fluctuate, just as in exact parity
sections, resulting in a gender makeup of each class period not always 50% women and
50% men.
4.2.4

Data Acquisition
For this study, several points of data were collected for each participant, including

final letter grade in ENGR 120 and HNRS 120, final numerical course grade in ENGR
120 and HNRS 120, exam scores in ENGR 120 and HNRS 120, major at the start of their
first quarter, major of the start of their second quarter, major as of Fall 2020, and survey
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responses. Data was gathered through the University’s mainframe and the professors of
ENGR 120 and HNRS 120 courses. The analyses were conducted using IBM SPSS
Statistics and Microsoft Excel.
Surveys by Pennsylvania State University’s Assessing Women and Men in
Engineering were distributed to the students. The three surveys included (1) Longitudinal
Assessment of Engineering Self-Efficacy Survey, (2) Students Persisting in Engineering
Survey, and (3) Students Leaving Engineering Survey. These surveys were slightly
adjusted to reflect terminology and majors at Louisiana Tech University. Both original
and adjusted versions of the surveys can be found in Appendix B. All students were
asked to complete the Longitudinal Assessment of Engineering Self-Efficacy Survey at
the beginning of the quarter. At the end of the quarter, the students were asked to
complete one of the remaining surveys depending on their status. If a student was
continuing to major in engineering, they were asked to complete the Students Persisting
in Engineering Survey. If a student changed their major outside of one of the eight
engineering degrees, they were asked to complete the Students Leaving Engineering
Survey. All surveys were administered to the students using Google Forms and Moodle.
In Fall 2017 and Fall 2018, two courses were piloted by members of our
engineering faculty: one course for cyber engineering majors and one course for students
interested in gaining more contact time with their professor.
4.2.4.1 Fall 2017: Cyber engineering merged course
In Fall 2017, the Cyber Engineering program piloted a merged course, ENGR
189C: Special Topics - Cyber Engineering I, which combined the content from ENGR
120 and CYEN 130: The Science of Computing I. Six female students were enrolled in
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the ENGR 189C course and were not included in this study because, though they were
covering the same material as the other students enrolled in ENGR 120, they were also
covering additional information from the CYEN130 course, and their exams were not the
same as the other students in the study.
4.2.4.2 Fall 2018: Engineering applications and career decisions
In Fall 2018, a Living With the Lab faculty member piloted a new course, ENGR
189A: Special Topics - Engineering Applications and Career Decisions, in which
students met an additional day each week throughout the quarter. During this additional
class period, students not only gained an additional two contact hours with their
instructor, but they also were provided supplemental resources related to ENGR 120
designed to help the students succeed in their first quarter. First-time freshmen were
notified of this opportunity prior to their orientation session by email, and the students
self-selected into this course. Four female students were enrolled in this course. These
four students were not included in this study because, though they were following the
same curriculum and took the same exams, they received supplemental instruction in the
ENGR 189A course.
4.2.4.3 Fall 2017 and fall 2018: Freshman enrichment program
With initial support from the National Science Foundation S-STEM Scholarship
Program (Grant #0631083) in 2007, the College of Engineering and Science offers a
Freshman Enrichment Program (FrEP) each summer for students who, based on their
Math ACT or Math SAT scores, are required to take a prerequisite math course prior to
enrolling in the first-year engineering program (Mechanical Engineering Program,
Louisiana Tech University, 2014). By participating in FrEP, these students took the
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prerequisite math course, a general education requirement course, and received additional
contact hours with faculty and staff from the College of Engineering and Science focused
on aiding in the students’ acclimation to the University and College. The FrEP students
who successfully completed the prerequisite math course were placed in a section of
ENGR 120 in the fall quarter.
In Fall 2017, four female students successfully completed FrEP and were enrolled
in ENGR 120. In Fall 2018, four female students also successfully completed FrEP and
were enrolled in ENGR 120. These eight female students were included in this study in a
traditional section of ENGR 120 because though they participated in a summer program,
they had a similar experience in ENGR 120, completing the same assignments, taking the
same exams, and having the same class exposure time as the other students in the study.

CHAPTER 5
PARTICIPANTS
This chapter provides additional details about the participants of this study as well
as the historical demographics of the initial first-year engineering course, ENGR 120 and
HNRS 120.

5.1

Overview of ENGR 120 Students

This study took place over two consecutive fall quarters: Fall 2017 and Fall 2018.
In Fall 2017, there were six sections of HNRS 120 and nine sections of ENGR 120. In the
following fall quarter, 2018, there were eight sections of HNRS 120 and ten sections of
ENGR 120. In both years, section 001 of ENGR 120 was reserved for and consisted of
transfer students, defined as students who attended another college or university full-time
prior to attending Louisiana Tech University, and for non-first-year students.
5.1.1

Gender Makeup
Table 5-1 and Table 5-2 show the enrollment and gender makeup of both ENGR

120 and HNRS 120 sections in Fall 2017 and Fall 2018. The two tables show the number
of men and women in each section along with the percentage gender makeup for each
section.
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Table 5-1:
Quarter

Fall 2017

Fall 2018

Gender makeup of ENGR 120 sections in Fall 2017 and Fall 2018.
Section

No. of Men

No. of Women

Gender Makeup
(Male/Female)

001*
002°
003
004
005
006
007
008
009
001*
002
003
004
005
006°
007
008
009
010

34
19
29
39
38
34
29
27
37
32
42
28
32
27
19
34
39
38
21

6
19
12
2
4
8
9
12
5
8
1
12
4
12
19
9
3
2
2

85% / 15%
50% / 50%
71% / 29%
95% / 5%
90% / 10%
81% / 19%
76% / 24%
69% / 31%
88% / 12%
80% / 20%
98% / 2%
70% / 30%
89% / 11%
69% / 31%
50% / 50%
79% / 21%
93% / 7%
95% / 5%
91% / 9%

Note. * = transfer and non-first-year section (participants not placed in this section)
Note. ° = parity section

Table 5-2:
Quarter

Fall 2017

Fall 2018

Gender makeup of HNRS 120 sections in Fall 2017 and Fall 2018.
Section

No. of Men

No. of Women

Gender Makeup
(Male/Female)

H01
H02
H03
H04
H05°
H06°
H01
H02
H03
H04
H05°
H06°
H07
H08

20
19
17
17
10
10
23
23
24
25
10
10
23
24

1
0
3
2
9
10
2
2
0
0
10
9
2
1

95% / 5%
100% / 0 %
85% / 15%
89% / 11%
53% / 47%
50% / 50%
92% / 8%
92% / 8%
100% / 0%
100% / 0%
50% / 50%
53% / 47%
92% / 8%
96% / 4%

Note. ° = parity section
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To form multiple parity sections in both Fall 2017 and Fall 2018, female students
were aggregated into these designated sections until gender parity makeup was formed,
and the remaining female students were placed in the other sections, designated as
traditional. The gender makeup of the sections shown in Table 5-1 and Table 5-2 is not
the typical gender makeup of the ENGR 120 and HNRS 120 courses in a year sans study.
To put in better context, Table 5-3 and Table 5-4 below display the average gender
makeup of ENGR 120 and HNRS 120 sections, respectively, over 2017 and 2018 as well
as the five years prior to the start of this study.

Table 5-3:

Quarter

Fall 2018
Fall 2017
Fall 2016
Fall 2015
Fall 2014
Fall 2013
Fall 2012

Table 5-4:

Quarter

Fall 2018
Fall 2017
Fall 2016
Fall 2015
Fall 2014
Fall 2013
Fall 2012

Average gender makeup of ENGR 120 sections of two years of study and
five previous years.
Average No. of Men
per Section

Average No. of Women
per Section

Average Gender Makeup
(Men/Women)

31.2
31.8
32.8
32.9
33.3
32.5
31.9

7.2
8.6
9.4
7.1
8.2
8.1
6.6

81% / 19%
79% / 21%
78% / 22%
82% / 18%
80% / 20%
80% / 20%
83% / 17%

Average gender makeup of HNRS 120 sections of two years of study and
five previous years.
Average No. of Men
per Section

Average No. of Women
per Section

Average Gender Makeup
(Men/Women)

20.3
15.5
16.4
21.8
21.7
23
17.2

3.3
4.2
4.6
4.8
5.7
5
2.4

86% / 14%
79% / 21%
78% / 22%
82% / 18%
79% / 21%
82% / 18%
88% / 12%
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The average gender makeup of ENGR 120 sections in fall quarters from 2012 to
2016 was 81% men and 19% women, while the average in 2017 and 2018 was 80% men
and 20% women.
The average gender makeup of the HNRS 120 sections in fall quarters from 2012
to 2016 was 82% men and 18% women, while the average in 2017 and 2018 was 83%
men and 17% women.

5.2

Participants in Study

As described in 0, all incoming first-year students who attended orientation were
asked to sign the Human Subjects Consent Form. Of the students enrolled in ENGR 120
(non-honors and honors), 768 students gave consent to participate in this study by signing
this form. Of the 768, 22 students were enrolled in ENGR 189C: Special Topics – Cyber
Engineering I in Fall 2017. In Fall 2018, 36 students were enrolled in ENGR 189A:
Special Topics – Engineering Applications and Career Decisions. Because these 58
students covered different material in these courses (ENGR 189C and ENGR 189A) and
received additional contact hours with their professors, these students were not
considered in this study. Of the remaining 710 students, 129 are women and were
enrolled in the initial first-year engineering course in sections with either parity or
traditional gender makeup. These 129 students will be referred to as “participants.”
5.2.1

Gender Distribution of Sections
These 129 female participants were distributed between non-honors (ENGR 120)

and honors (HNRS 120) courses based on admission requirements (see section 3.1.5) and
on the target parity and traditional gender makeup of these sections, as shown in
Table 5-5.
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Table 5-5:
Quarter

Breakdown of female students in study.
Gender Makeup

Parity
Fall 2017
Traditional
Parity
Fall 2018
Traditional

5.2.2

Course

Female Enrollment

ENGR 120
HNRS 120
ENGR 120
HNRS 120
ENGR 120
HNRS 120
ENGR 120
HNRS 120

19
19
25
3
19
19
25
0
Total

Total

66

63
129

Math ACT Scores
The purpose of this study is to determine the effects of women taking an

engineering course in a gender parity section versus a traditional gender section. As
discussed in 0, Math ACT/SAT scores are used as guidelines for students’ placement into
the Living With the Lab curriculum initial course, ENGR 120. The majority of incoming
students at Louisiana Tech University take the ACT rather than the SAT. To simplify this
data for easier comparison, Math SAT scores were converted to equivalent Math ACT
scores.
The average Math ACT score of all 129 participants in this study is 27.0. Ideally,
this study would consist of two comparisons: (1) female students in parity sections of
ENGR 120 versus female students in traditional sections of ENGR 120 and (2) female
students in parity sections of HNRS 120 versus female students in traditional sections of
HNRS 120. As previously mentioned, when studying a minority group, one major
challenge we face is the low number of members in this group, thus a small pool of
participants. As Table 5-6 shows, there are only three female participants in all HNRS
120 traditional courses in this study. Because of this low number of participants in this
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setting, we were unable to study both comparisons mentioned above. Our study consists
of two analyses: (1) combined (honors and non-honors) and (2) non-honors comparisons.
Participants in parity sections of ENGR 120 and participants in parity sections of HNRS
120 were combined into one group for analysis (parity), and participants in traditional
sections of ENGR 120 and participants in traditional sections of HNRS 120 were
combined into another group for analysis (traditional).

Table 5-6:

Average math ACT scores of participants based on section type.

Quarter

All participants
Traditional

Parity

Course Type

No. of Participants

All
All
ENGR
HNRS
All
ENGR
HNRS

Average Math ACT Score*

129
53
50
3
76
38
38

27.0
25.2
25.0
28.3
28.2
26.1
30.3

Note. * = Math SAT scores were converted to the Math ACT for simplicity of data

Students enrolled in an honors section have a minimum Composite ACT scores of
28 in conjunction with a minimum Math ACT score of 28, thus, the average Math ACT
score of honors students will be higher than those participants in non-honors sections. As
shown in Table 5-6, the average Math ACT score of participants in parity groupings is
three points higher than participants in traditional groupings. For participants in nonhonors sections, the average Math ACT score is one point higher for women in parity
sections than women in traditional sections.

CHAPTER 6
ANALYSIS AND RESULTS OF PERFORMANCE
AND RETENTION
Based on previous studies, female students feel more challenged, experience less
threat, and performed better when surrounded by other females (Dasgupta, 2011; Inzlicht
& Ben-Zeev, 2000). Unlike those studies which observed small groups of students over a
short period working on a task or taking an exam, this study takes place in an engineering
course over a full, 10-week quarter term. Female students were placed in either
traditional gender makeup courses, where the average gender breakdown of these
sections for Fall 2017 and Fall 2018 was 13% women to 87% men, or parity gender
makeup courses with gender makeup of 50% female and 50% male students.
In this study, we examined the performance and retention of female students in
parity courses compared to those in traditional gender makeup courses. We defined
performance as how well the student performs in the course, specifically the grade earned
in the class. We defined retention as continued enrollment within a specific group, STEM
major and then more specifically an engineering major. These two metrics give us an
indication of the female students’ success in a male-dominated field.
Parity sections were created in both honors (HNRS 120) and non-honors (ENGR
120) courses. Our sample size for participants in honors courses was too small to study
independently, which is discussed in Chapter 5 and Chapter 8. To explore our data more
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thoroughly, we conducted each of our analyses for two groupings: (1) participants in
honors and non-honors sections and (2) only participants in non-honors sections.
Table 6-1 includes an overview of the data discussed below. We recommend
using this table as a reference when reading this chapter.

6.1

Performance

Are female students more likely to perform better in an engineering course when
surrounded by a greater number of their ingroup peers, namely other female students? To
answer this question, we took a two-fold approach. First, we looked at the performance of
the female students in terms of passing or failing the ENGR 120 course. Secondly, for the
students who completed the course and did not withdraw, we measured the performance
of female students based on their numerical final course grade earned.
6.1.1

Pass/Fail Rate
In this study, 710 students were enrolled in ENGR 120 courses, 129 of whom

were female. Across all class designs, 62.0% of female students earned a passing grade,
here defined as an A, B, or C letter grade, while 68.5% of the male students did so.
6.1.1.1 Combined: Honors and non-honors
In this study, 76 female students were enrolled in parity courses, roughly 58.9%
of the female population, while the remaining 53 female students were enrolled in
traditional courses. Figure 6-1 shows the percentages of final letter grades earned by
participants in parity and traditional sections, including students who withdrew from the
class.

Table 6-1: Overview of data for analysis and results of performance and retention.
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Figure 6-1: Percentage of letter grades earned by all female students in study, including
students who withdrew from the course.

On average, 52 (68.4%) of the 76 female students enrolled in parity classes earned
a passing grade, here defined as an A, B, or C letter grade, while 75.6% of male students
in the parity course earned a passing grade. Likewise, an average of 28 (52.8%) of the 53
female students enrolled in a traditional course earned a passing grade, while 67.4% of
the male students in these sections earned a passing grade.
Figure 6-2 shows the percentages of pass (final grades including A, B, and C) and
fail (final grades including D, F, and W) grades earned in both parity and traditional
courses. These results show the female students in parity courses outperformed the
female students in traditional sections.
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Figure 6-2: A higher percentage of female students in parity courses passed than women
in traditional gender composition courses.
Next, we tested whether the female students’ passing or failing of the course was
impacted by the gender makeup of their course. To do so, we looked at our data to
determine what type of statistical analysis we should conduct. Because the students’
grades earned fall into one of two categories, (1) pass or (2) fail, our outcome or
dependent variable for this analysis is categorical. With one predictor variable, the gender
makeup of their class, and the student either being in one of two gender classroom
makeups, (1) parity or (2) traditional, our independent variable is also categorical. Thus,
we further analyzed this data by conducting a Pearson’s chi-squared test.
Using SPSS, we performed a Pearson’s chi-squared test. The relation between
these variables was not significant, χ2 (1, N = 129) = 3.222, p = 0.097. As a result of this
test, there was no significant association between the gender makeup of the students’
course and whether they passed or failed the engineering course.
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6.1.1.2 Non-honors
This portion of the analysis focuses specifically on the 88 participants enrolled in
non-honors ENGR 120 courses. Figure 6-3 shows the percentages of final letter grades,
including students who withdrew from the class, of female students in both parity and
traditional non-honors sections.
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Figure 6-3: Percentage of letter grades earned by female students in non-honors sections,
including students who withdrew from the course.

Of these 88, 38 (43.2%) female students were enrolled in parity non-honors
sections while the remaining 50 female students were enrolled in traditional ENGR 120
sections. Of the 38 female students enrolled in parity classes, 18 (47.4%) earned a
passing grade, here defined as an A, B, or C letter grade, while 27 (54.0%) of the 50
female students enrolled in a traditional course earned a passing grade.
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Figure 6-4 shows the percentages of pass (final grades including A, B, and C) and
fail (final grades including D, F, and W) grades earned in both parity and traditional nonhonors courses. These results show female students in the parity courses passed ENGR
120 at a lower rate than female students in the traditional sections. These results show
that the gender makeup of the course did not positively affect the retention of female
students in engineering; thus, no further analysis was needed.
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Figure 6-4: A higher percentage of females in traditional non-honors courses passed than
women in parity gender composition courses.

6.1.2

Numerical Final Course Grades
To better understand the performance of female students as a function of course

gender makeup, we looked at the numerical final course grades of the participants who
completed the course, excluding all students who withdrew (W) from the course from the
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dataset. Of the 710 students who initially enrolled in the course, 571 or 80.4% achieved a
final grade.
6.1.2.1 Combined: Honors and non-honors
More specifically, of the 129 female students enrolled in ENGR 120 and HNRS
120, 97 (75.2%) completed the course; 60 of the 97 who completed the course were
enrolled in parity sections, and the remaining 37 female students were enrolled in
traditional sections. For the numerical final course grade analysis, we considered only
participants who completed the course and earned a final grade. We did not include
participants who withdrew from the course.
Figure 6-5 shows the distribution of numerical grades earned by female students
in both traditional and parity courses in increments of 10 points. For most ranges, women
in parity sections outperformed women in traditional sections. In parity courses, 6.7% of
female students earned 100 points or greater in the course compared to only 2.7% of
female students in traditional courses. In the grade range of 90 to 100 points, women in
parity sections outperformed women in traditional sections, 30.0% and 16.2%,
respectively. On the contrary, only 3.3% of female students in parity courses earned a
grade within 50 to 60 points compared to 10.8% of female students in traditional courses.
This data shows female students in the parity courses outperformed female students in the
traditional sections.
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Figure 6-5: Female students in parity courses earned higher numerical course grades than
female students in traditional courses in several grade ranges.

To further explore student performance, we then examined whether the female
students’ numerical grade earned was impacted by the gender makeup of their
engineering course. To do so, we looked at our data to determine what type of statistical
analysis we should conduct. The students’ numerical final course grades are continuous
and the single independent variable, the gender makeup of the class, is categorical, either
a (1) parity or (2) traditional gender makeup course. We also tested the statistical power,
“the probability of [a hypothesis test] detecting an effect, if there is a true effect present
to detect” (Browlnee, 2018) of our data, and we found our statistical power to be 0.567.
Because our statistical power is not greater than the recommended 0.8, we further
analyzed this data by conducting an independent t-test.
Using SPSS, we performed an independent t-test. Because the independent t-test
“requires that the dependent variable is approximately normally distributed within each
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group” (Laerd Statistics, 2018), we tested the normality of our data. Figure 6-6 and
Figure 6-7 show the Normal Q-Q plots of the numerical final course grades (dependent
variable) earned by female students in parity gender makeup courses and in traditional
gender makeup courses, respectively. In the plots below, the observed value refers to the
students’ numerical final course grades.

Note. One outlier removed from this data set for future analysis.

Figure 6-6: Normal Q-Q Plot of final grades of female students in sections with parity
gender makeup.

As seen in the Normal Q-Q plot for the parity courses, Figure 6-7, there is a data
point around 31. This data point meets the requirements of an outlier, more than two
standard deviations from the mean, and, thus, will be removed from further analysis.
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Figure 6-7: Normal Q-Q Plot of final grades of female students in sections with
traditional gender makeup.

The remaining 59 female students in the parity class, the original 60 minus 1
outlier, (M = 84.66, SD = 11.81) compared to the 37 female students in the traditional
class (M = 77.55, SD = 14.25) performed significantly higher in the ENGR 120/HNRS
120 course, t(96) = -2.647, p = 0.010. This test shows a significant association between
the gender makeup of the students’ course and their numerical final course grade.
6.1.2.2 Non-honors
Of the 88 female students enrolled in non-honors ENGR 120 sections, 59 (67.1%)
completed the ENGR 120 course; 23 of the 59 were enrolled in non-honors parity
sections, and the remaining 36 female students remaining were enrolled in non-honors
traditional sections.
The distribution of numerical grades earned by participants in both parity and
traditional non-honors sections are shown in Figure 6-8. Overall, the grades are quite
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comparable for the two gender makeups. The largest differences are seen for the grade
ranges of 60 to 70 points and 50 to 60 points. For the 60 to 70 points grade range, 5 of the
23 (21.7%) women in parity sections earned grades in this range compared to 4 of the 36
(11.1%) women in traditional sections. On the contrary, 1 of the 23 (4.4%) women in
parity sections compared to 4 of the 36 (11.1%) women in traditional sections earned
grades between 50 and 60 points. To further explore this data, we turned to a statistical
analysis.
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Figure 6-8: Female students in non-honors parity courses and female students in nonhonors traditional courses earn comparable course grades.

Following the same analysis conducted for the combined honors and non-honors
data set as detailed above, we statistically explored the impact of the gender makeup of
courses on the non-honors female students’ numerical grades. Again, the single
independent variable, the gender makeup of the class, is categorical, either (1) parity or
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(2) traditional gender makeup course, and the dependent variable, the students’ numerical
final course grades, was continuous. As previously mentioned, we tested the statistical
power of our data, and we found that we had a statistical power of 0.02, which is
considered low. Because our statistical power did not meet or exceed the recommended
value of 0.8, possibly due to the small sample size, we conducted an independent t-test.
Using SPSS, we performed an independent t-test. Again, we started by testing the
normality of our data. The Normal Q-Q plots of the numerical final course grades earned
by female students in non-honors parity and traditional gender makeup courses,
respectively, can be seen in Figure 6-9 and Figure 6-10. In the plots below, the observed
value refers to the students’ numerical final grades.

Note. One outlier removed from this data set for future analysis.

Figure 6-9: Normal Q-Q Plot of final grades of female students in non-honors sections
with parity gender makeup.
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Like in our combined (honors and non-honors) analysis, there is a data point
around 31, shown in Figure 6-10. Because this data point is more than two standard
deviations from the mean, it is classified as an outlier and will be removed from further
analysis.

Figure 6-10: Normal Q-Q Plot of final grades of female students in non-honors sections
with traditional gender makeup.

The remaining 22 female students in the parity class, the original 23 minus 1
outlier, (M = 79.45, SD = 10.98) compared to the 36 female students in the traditional
class (M = 77.64, SD = 14.44) performed statistically higher in the ENGR 120 course,
t(58) = 0.504, p = 0.616. This test shows no significant association between the gender
makeup of the students’ course and their numerical final course grade in non-honors
sections.
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6.2

Retention

Are female students more likely to stay in male dominated degree programs when
in major specific courses surrounded by other female students? This study focuses on
female students in engineering specifically, but as mentioned in Chapter 1, there is an
overarching effort to increase the number of females in not only engineering, but also
STEM as a whole.
For this study, we wanted to see if the retention of females in these fields were
impacted by the gender makeup of their engineering course. We looked at the retention of
female students in STEM fields after one quarter, in engineering after one quarter, and in
engineering as of Fall 2020. Below, each retention analysis will be discussed in greater
detail.
6.2.1

STEM (One Quarter)
In collecting and categorizing this data, we asked ourselves: what majors qualify

as STEM majors? We wanted to be sure to include all STEM majors, not just the majors
within Louisiana Tech University’s College of Engineering and Science. To best answer
this question, we looked to the National Science Foundation (NSF). The NSF’s
classification of fields of study table includes a list of all majors and what category
(science, engineering, business, etc.) they are categorized under (National Science
Foundation, 2015). We used this list to classify the female students’ major the quarter
following their participation in our study.
To qualify for participation in our study, all students were enrolled in an
engineering major at the beginning of their first quarter. For those students who changed
to a different major during the first quarter, their new major was reflected at the
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beginning of the following quarter. The students whose major at the beginning of the
second quarter was outside of the NSF listing of STEM majors were considered not to be
retained within STEM.
6.2.1.1 Combined: Honors and non-honors
Of the 129 female students, 121 (93.8%) female students were retained within
STEM, and only eight students did not continue to pursue a STEM major. Four of those
eight students were in the parity gender makeup courses, and the other four were in the
traditional gender makeup courses.
Figure 6-11 shows the percentage of female students retained and not retained in a
STEM program after the first quarter. Of the female students enrolled in parity gender
makeup courses, 72 of the 76 (94.7%) female students were retained in STEM compared
to 49 of the 53 (92.5%) female students in traditional gender makeup courses. With
comparable retention rates, we predict no significance between the STEM retention of the
female students in the parity courses and the female students in the traditional sections.
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Figure 6-11: The percentage of female students in STEM majors from first quarter to
second quarter separated by course gender makeup: (1) parity or (2) traditional.
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Because the retention of the students falls into one of two categories, either
(1) STEM or (2) not STEM, our outcome or dependent variable for this analysis is
categorical. The gender makeup can be described as either (1) parity or (2) traditional, so
our independent variable is categorical.
Using SPSS, we performed a Pearson’s chi-squared test. The relation between
these variables was not significant, χ2 (1, N = 129) = 0.280, p = 0.430. This showed no
significant association between the gender makeup of the students’ course and whether
they majored in a STEM degree program the following quarter.
6.2.1.2 Non-honors
Out of the 88 female students in non-honors courses, 85 (96.6%) female students
were retained within STEM, and only three students did not continue to pursue a STEM
major. One of the three students were enrolled in the parity gender makeup courses, and
the remaining two were enrolled in the traditional gender makeup courses.
Figure 6-12 displays the percentage of female students enrolled in non-honors
sections retained and not retained in STEM programs after being enrolled in traditional
and parity courses. Of the female students enrolled in the parity gender makeup courses,
37 of the 38 (97.4%) were retained in STEM compared to 48 of the 50 (96.0%) female
students in the traditional courses. Because of the remarkably similar percentages in
retention, there was no notable difference observed between the STEM retention of the
female students in the parity non-honors sections and their counterparts in the traditional
non-honors sections.
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Figure 6-12: The percentage of female students in STEM majors from first quarter to
second quarter separated by course gender makeup: (1) parity or (2) traditional, in nonhonors sections.

Like in our combined (honors and non-honors) analysis, our dependent variable,
the retention of the students, is categorical, either (1) STEM or (2) not STEM. With the
independent variable being also categorical, either (1) parity or (2) traditional, we again
performed a Pearson’s chi-squared test.
To verify our prediction of no significance, we used SPSS to conduct a Pearson’s
chi-squared test. We found there to be no significance in STEM retention for one quarter
between parity and non-traditional non-honors groupings, χ2 (1, N = 88) = 0.123, p =
1.000.
6.2.2

Engineering (One Quarter)
We then examined the number of female students retained in engineering from

their first quarter to their second quarter. We conducted the same analyses as conducted
in section 6.2.1, however, we restricted the majors in which a student might be
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considered “retained.” Students who stayed enrolled in or changed their major to one of
the eight engineering majors, (1) biomedical, (2) chemical, (3) civil, (4) cyber,
(5) electrical, (6) industrial, (7) mechanical, and (8) nanosystems, during their first
quarter, are considered retained.
6.2.2.1 Combined: Honors and non-honors
Of the 129 female students, 100 female students (77.5%) were retained in
engineering. This breaks down to 60 female students in the parity gender makeup courses
and 40 female students in the traditional gender makeup courses.
Figure 6-13 shows the percentages of female students retained across engineering
programs in both traditional and parity courses. Of the female students enrolled in parity
gender makeup courses, 60 of the 76 (79.0%) were retained in engineering compared to
40 of the 53 (75.5%) female students in the traditional courses. Evidence showed little
difference between the engineering retention of female students in parity courses and
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Figure 6-13: The percentage of female students in engineering majors from first quarter
to second quarter separated by course gender makeup: (1) parity or (2) traditional.
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Because the retention of the female students fall into one of two categories, either
(1) engineering or (2) not engineering, our dependent variable for this analysis is
categorical. The gender makeup of their class could either be (1) parity or (2) traditional,
but not both, thus, our independent variable is categorical.
Using SPSS, we performed a Pearson’s chi-squared test. The relation between
these variables was not found to be significant, χ2 (1, N = 129) = 0.216, p = 0.672,
meaning no significant association between the gender makeup of the students’ course
and whether or not they remained in an engineering degree program to the following
quarter.
6.2.2.2 Non-honors
Out of the 88 female students enrolled in non-honors sections, 64 (72.7%) female
students were retained in engineering: 25 who were in parity and 39 who were in
traditional gender makeup sections.
Figure 6-14 shows the percentages of female students retained across engineering
programs in both traditional and parity courses of non-honors sections. Of the female
students enrolled in the parity gender makeup courses, 25 of the 38 (65.8%) were retained
in engineering compared to 39 of the 50 (78.0%) female students in the traditional
courses. From these results we can determine that the gender makeup course did not
positively affect the retention of female students in engineering; no further analysis is
needed.

78
90%

Percentage of Participants

80%
70%
60%
50%
40%
30%
20%
10%
0%
Retained in ENGR
Parity

Not Retained in ENGR
Traditional

Figure 6-14: The percentage of female students in engineering majors from first quarter
to second quarter separated by course gender makeup: (1) parity or (2) traditional in nonhonors sections.

6.2.3

Engineering (as of Fall 2020)
Lastly, we investigated the students’ status in an engineering major as of Fall

2020. The initial group of participants started their engineering degree in Fall 2017, and
the second group of participants started the following year, Fall 2018. Because the
engineering curriculum at Louisiana Tech University takes a minimum of four years to
complete, which has not passed since the initiation of this study, we are unable to
determine the participants’ retention to graduation rate. Instead, we can consider their
status in the engineering curriculum and answer the question, “Are the participants
pursuing an engineering degree as of Fall 2020?”
First, we gathered the students’ enrollment status and degree program as of Fall
2020. Students who were actively enrolled with a declared major of one of the eight
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engineering majors, listed in section 1.2.2, are considered retained. Participants with
majors outside of the eight engineering degree programs or who are no longer enrolled at
the University are considered not retained.
6.2.3.1 Combined: Honors and non-honors
Of the initial 129 female students, 56 (43.4%) female students were pursuing their
engineering degree as of Fall 2020. Of these 56, 38 were in the parity gender makeup
courses, and the remaining 18 were in the traditional makeup courses.
Looking a bit deeper into this data, 38 of the 76 (50.0%) female students who
were in the parity gender makeup courses were pursuing their engineering degree as of
Fall 2020 compared to 18 of the 53 (34.0%) participants who were enrolled in the
traditional sections their first quarter. Figure 6-15 below displays the percentages of
women retained in an engineering program as of Fall 2020 based on their original
enrollment in either a parity or traditional gender makeup engineering course.
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Figure 6-15: The percentage of female students in engineering majors from first quarter
to Fall 2020 by course gender makeup: (1) parity or (2) traditional.
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The retention of the participants can be categorized into one of two groups, either
(1) engineering or (2) not engineering, thus our dependent variable for this analysis is
categorical. The gender makeup of their class was either (1) parity or (2) traditional, but
could not be both, thus, our independent variable is also categorical.
Using SPSS, we performed a Pearson’s chi-squared test. The relation between
these variables was not found to be significant, χ2 (1, N = 129) = 3.269, p = 0.071,
meaning there was no significant association between the gender makeup of the students’
initial engineering course and if they are pursuing an engineering degree as of Fall 2020.
6.2.3.2 Non-honors
Of the 88 female students enrolled in a non-honors engineering course, 36.4%
were pursuing their engineering degree as of Fall 2020. Looking further into this data, 14
of the 38 (36.8%) female students in the parity gender makeup non-honors courses are
still pursuing their engineering degree compared to 18 of the 50 (36.0%) participants who
were enrolled in the traditional non-honors sections their first quarter. Figure 6-16
displays the percentages of women retained in an engineering program as of Fall 2020
who were enrolled in the initial non-honors engineering course with either a parity or
traditional gender makeup. This data shows a negligible difference between the
engineering retention of the female students in the non-honors parity sections and
traditional sections.
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Figure 6-16: The percentage of female students retained in engineering as of Fall 2020
by non-honors course gender makeup: (1) parity or (2) traditional.

Again, our dependent variable for this analysis is categorical; the retention of
participants can be categorized into one of two groups, either (1) engineering or (2) not
engineering. The independent variable, the gender makeup of the class, could only be
(1) parity or (2) traditional, thus it is categorical. Therefore, we conducted a Pearson’s
chi-squared test to further examine this data.
Using SPSS, we found that the relation between these variables was not
significant, χ2 (1, N = 88) = 0.007, p = 1.000, meaning there was no significant
association between the gender makeup of the students’ initial non-honors engineering
course and their retention in engineering as of Fall 2020.

CHAPTER 7
ANALYSIS OF SURVEY RESPONSES
As detailed in Chapter 2, in an effort to fight against stereotype threat, Dasgupta
(2011) proposed the stereotype inoculation model, in which peers or experts of the same
minority group serve as “social vaccines” who protect and strengthen other group
members against stereotype threat. When an individual comes into contact and forms
relationships with ingroup peers and experts, this individual is more likely to feel a sense
of belonging and more confident in their abilities in pursuing objectives within their field.
We set out to examine the effects of gender parity engineering sections on female
students’ performance and retention by surrounding female students (underrepresented
minorities in engineering) with other female students (their ingroup peers). As mentioned
in 0, to gather more insight in these students’ experience throughout their first quarter,
participants were asked to complete a combination of three surveys by Pennsylvania State
University’s Assessing Women and Men in Engineering. These surveys included
(1) Longitudinal Assessment of Engineering Self-Efficacy Survey, (2) Students Persisting
in Engineering Survey, and (3) Students Leaving Engineering Survey. At the beginning
of the quarter, all students were asked to complete the Longitudinal Assessment of
Engineering Self-Efficacy Survey. At the conclusion of the quarter, the students were
asked to complete one of the remaining two surveys depending on their status. Those
who were continuing to pursue a degree in engineering were asked to complete the
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Students Persisting in Engineering Survey. The remaining students, those who no longer
were pursuing an engineering degree, were asked to complete the Students Leaving
Engineering Survey. Students were not monetarily compensated for taking these surveys.
Table 7-1 and Table 7-2 display the number of students eligible to take each
survey, as previously discussed, and the number of survey respondents.

Table 7-1:

Overview of survey respondent numbers.
Gender
Makeup

Total No. of
Students

Total No. of
Survey Responses

Parity
Traditional
Parity
Traditional
Parity
Traditional

76
53
60
40
16
13

71
49
42
19
9
5

Survey

Longitudinal Assessment of
Engineering Self-Efficacy
Students Persisting in Engineering
Students Leaving Engineering

Table 7-2 displays the number of survey responses from respondents in the two
analysis groups: (1) honors and non-honors and (2) non-honors.

Table 7-2:

Overview of survey respondent numbers based on two groupings for
analysis: (1) honors and non-honors and (2) non-honors.
No. of Survey Responses
Honors & Non-honors
Non-honors
Parity
Traditional
Parity
Traditional

Survey

Longitudinal Assessment of
Engineering Self-Efficacy
Students Persisting in
Engineering
Students Leaving
Engineering

71

49

36

47

42

19

16

19

9

5

7

4

Because of the low number of responses from participants, as seen in Table 7-1
and Table 7-2, a formal analysis was unable to be conducted. Rather, we have provided a
few responses from these surveys to give insight on the participants’ experience in this
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study. Because the survey questions highlighted below were more focused on the
participants’ sense of belonging and personal perception of performance, in addition to
the limited number of responses, we kept the responses of all participants combined
(honors and non-honors).

7.1

Longitudinal Assessment of Engineering Self-Efficacy Survey

The first of the surveys given to the participants was the Longitudinal Assessment
of Engineering Self-Efficacy Survey, which was distributed to all students at the
beginning of the quarter. When the students completed this survey, they had only been to
their engineering course for one or two class periods. Below is a brief glimpse of
questions asked within this survey.
In this survey, respondents were asked to rate their agreeance of statements
provided. Two of these statements included (1) “I can relate to the people around me.”
and (2) “I have a lot in common with the other students in class.” In Figure 7-1 and 7-2
show the participants’ responses separated by their engineering course gender makeup.

Percentage of Respondents
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Figure 7-1: Respondents’ rating of agreeance of “I can relate to the people around me.”
on the Longitudinal Assessment of Engineering Self-Efficacy Survey.
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traditional

Figure 7-2: Respondents’ rating of agreeance of “I have a lot in common with the other
students in class.” on the Longitudinal Assessment of Engineering Self-Efficacy Survey.

For the responses to both statements reflected in Figure 7-1 and Figure 7-2,
female students who were in the parity sections agreed more strongly with these
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statements than their counterparts in the traditional sections. Is the reason that the
students who more strongly agreed with these statements did so because they were
surrounded by a larger percentage of their ingroup peers in their first engineering course?
The need for additional survey responses to explore this possibility and the potential
effect of microenvironments are addressed in Chapter 10.

7.2

Students Persisting in Engineering Survey

Students who remained in ENGR 120 or HNRS 120 until the end of their first
quarter and were still pursuing an engineering degree program at this time were given the
Students Persisting in Engineering Survey. Below is a summary of a few of the questions
asked within this survey.
Participants were given a list of factors and asked to rate the degree of
significance in which the particular factor influenced their persistence in engineering
including (1) positive interactions with other engineering students, (2) positive
experiences in design teams or other collaborative learning experiences in engineering,
and (3) satisfactory performance on my grades in engineering.
Figure 7-3 shows that more students in parity sections felt that interactions with
their peers played a significant role in their persistence in engineering than students in
traditional sections. Could this be due to the fact that their interactions with their
classmates were more likely to have been with other female students? On the other hand,
Figure 7-4 shows a mixture of results regarding positive experiences in team settings in
their engineering course. Again, the importance of a larger sample size and more
extensive questions to further explore this matter are discussed in Chapter 10.
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Figure 7-3: Respondents’ rating of significance of “Positive interactions with other
engineering students” on the Students Persisting in Engineering Survey.
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Figure 7-4: Respondents’ rating of significance of “Positive experiences in design teams
or other collaborative learning experiences in engineering” on the Students Persisting in
Engineering Survey.
Figure 7-5 shows how significant engineering grades were in a student’s decision
to persist in engineering. The results between the two groupings, parity and traditional,
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are similar. As one could expect, students who perceived their grades as satisfactory will

Percentage of Respondents

most likely continue to persist in the program.
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Figure 7-5: Respondents’ rating of significance of “Satisfactory performance on my
grades in engineering” on the Students Persisting in Engineering Survey.
At the conclusion of the survey, participants were asked, “What was the one
biggest factor that helps you persist in your study of engineering?” According to their
responses, 14.3% of survey respondents in the parity sections compared to 5.3%
respondents in the traditional sections referred to their peers when answering this
question. It is encouraging to read multiple participants’ responses regarding their peers
being the one biggest factor that helped them persist to the next quarter and calls for
further research. These participants’ responses can be seen in Table 7-3.
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Table 7-3:

Survey responses to “What was the one biggest factor that helps you
persist in your study of engineering?” related to peers.

Gender Makeup

Student Response

Parity

Coming into the program I was pretty confident but worried that
it would turn out engineering wasn't for me. After getting into the
classes I had an overwhelming feeling of "I'm in the right place,"
and it has pushed me to go farther.
Community of student engineers who support each other
Making friends and having a study group has helped
tremendously.
Help from others
Help from students
Getting help from my friends

Traditional

My friends who helped me along the way

7.3

Students Leaving Engineering Survey

Students who decided to not continue to pursue engineering this first quarter were
given the Students Leaving Engineering Survey. Below is a summary of a few questions
asked within this survey.
Similar to the Students Persisting in Engineering Survey, participants were given
a list of factors and asked to rate the degree of significance in which this factor influenced
their decision to leave engineering including (1) poor interactions with other engineering
students, (2) negative experiences in design teams or other collaborative learning
experiences in engineering, and (3) unsatisfactory performance on my grades in
engineering.
Figure 7-6 shows that for the most part, students in both parity and traditional
sections felt that poor interactions with other engineering students did not play a factor in
their decision to leave engineering. Did the gender makeup of their course have effect on
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their experience? Again, a larger sample which allows statistical analysis would be

Percentage of Respondents

necessary to answer this question.
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Figure 7-6: Respondents’ rating of significance of “Poor interactions with other
engineering students” on the Students Leaving Engineering Survey.

The students were then asked to rate how significant of a factor poor interactions
in collaborative learning experiences in their course were to their decision to change
majors. Figure 7-7 shows that all but a slight portion of students, both in parity and
traditional sections, responded that negative experiences in groups did not play a factor in
their decision to pursue a different degree.
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Figure 7-7: Respondents’ rating of significance of “Negative experiences in design
teams or other collaborative learning experiences in engineering” on the Students
Leaving Engineering Survey.

Lastly, students were asked to rate how significant of a factor their unsatisfactory
grades in engineering were to their decision to leave engineering. For the traditional
grouping, their responses were distributed across all options as shown in Figure 7-8.
There was a slightly larger population who said that unsatisfactory grades did not play a
part in their decision to leave engineering. As for the parity grouping, their responses
were also distributed throughout the levels of significance. Surprisingly though, a larger
portion of participants in the parity sections rated their unsatisfactory grades as a
significant factor when choosing to not pursue engineering than those in traditional
courses.
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Figure 7-8: Respondents’ rating of significance of “Unsatisfactory performance on my
grades in engineering” on the Students Leaving Engineering Survey.
Unlike the students who persisted in engineering, when asked “What was the one
biggest factor that influenced you in deciding to change majors?” students who left
engineering did not mention their peers in their responses. Most replies included their
decision to pursue a different career path, regardless of gender makeup of their course.
Table 7-4 provides samples of student responses from the Leaving Engineering Survey.
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Table 7-4:

Survey responses to “What was the one biggest factor that influenced you
in deciding to change majors?”

Gender Makeup

Student Response

After beginning the engineering curriculum, I realized that I
wanted to focus more on a career within the medical profession.
Parity

Didn’t feel like engineering was what I’m wanting to do with
the rest of my life
I realized just exactly what I wanted to do, and engineering
wasn’t it at all.
My plans for the future changed.

Traditional

My dreams are to become a doctor. Engineering was a field I
wanted to try because I was never exposed to it, academically.
Because I have been exposed to engineering, I am able to
properly decide on my major in college.
I spoke with the director of the program I hope to get into once I
have my degree and used his advice to choose the best major for
me.
My field of work would not specifically need the foundations
being laid by the engineering courses.

CHAPTER 8
IMPLICATIONS OF GENDER PARITY COURSES
8.1

Analysis

With this study, we set out to expand our knowledge regarding methods to
increase the number of women in engineering by focusing on the retention of first-year
female students. The current study focuses on the impact of first-year engineering courses
with gender parity makeup (one-to-one ratio of women to men) on the performance
(pass/fail rate and numerical final course grade) and retention (STEM major after one
quarter, engineering major after one quarter, and engineering major as of Fall 2020) of
the female students.
Due to the discrepancy of average Math ACT scores between students enrolled in
parity and traditional sections, as mentioned in Error! Reference source not found.s,
we separated our analysis into two groupings: (1) combined (students in honors and nonhonors sections) and (2) non-honors (students in non-honors sections).
8.1.1

Performance
In terms of performance, we analyzed the impact of gender parity courses on the

pass/fail rate of female students and their numerical course grade.
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8.1.1.1 Combined: Honors and non-honors
Preliminary analysis of all participants in honors and non-honors sections shows
that women in parity courses (68.4%) passed the engineering course at a higher rate
compared to women in traditional course sections (52.8%). Although statistical
significance was not present (p = 0.097), the initial analysis is encouraging to see a
higher pass/fail rate of participants in parity first-year engineering courses.
We then considered the numerical final course grades of female students who
completed the course in its entirety. The preliminary analysis shows that female students
in the parity courses outperformed their counterparts in the traditional courses. The
greatest difference between parity and traditional groupings were seen in the 90 to 100
points grade range; 30.0% of women in parity courses earned grades within this range
compared to only 16.2% of women in the traditional courses. Our statistical analysis
showed that female students in the parity courses earned significantly higher numerical
final course grades than the female students in the traditional courses (p = 0.010).
8.1.1.2 Non-honors
Initial analysis of participants in non-honors sections shows that women in parity
courses were more likely to fail or withdraw (DFW) from the engineering course
compared to women in traditional course sections. Only 47.4% of the female students in
the parity courses compared to 54.0% of women in the traditional courses passed (ABC).
We then wanted to see if this translated to numerical final course grades. The
preliminary analysis shows comparable grades between the two gender makeup
groupings with the largest differences in numerical course grades seen at the 60 to70
points range (21.7% parity; 11.1% traditional) and 50 to 60 points range (4.4% parity;
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11.1% traditional). Our analysis found no statistical significance of the gender makeup
courses affecting the numerical course grades of the participants (p = 0.616).
8.1.1.3

Reflection
The research by Inchlizt and Ben-Zeev (2000) showed that by simply being

surrounded by their ingroup peers, female students perform significantly better on
mathematics exams than when outnumbered by their male counterparts. In addition,
Dasgupta, Scircle, and Hunsinger’s study (2015) showed that by implementing the
stereotype inoculation model, female students tend to perform better, feel more
challenged, and less threatened in settings with group compositions of 50% women or
75% women.
Unlike the studies by Dasgupta, Scircle, and Hunsinger (2015) and Inzlicht and
Ben-Zeev (2000), the current study manipulated the gender makeup of a full-term
engineering college course, not just microenvironments or small working groups. When
preparing for this research, we did not come across another study that manipulated the
gender makeup of a full-term engineering course, which makes this study unique.
Our study shows that the previous research by Dasgupta, Scircle, and Hunsinger
(2015) and Inzlicht and Ben-Zeev (2000) does not necessarily translate from
microenvironments to full courses. Our combined (honors and non-honors) analysis
showed a statistically significant increase in numerical course grades for the students
enrolled in parity courses, but we believe these results were skewed because of the
difference in average Math ACT scores between the parity and traditional groupings
(three points). The participants in the non-honors analysis groupings (parity and
traditional) had a closer average Math ACT score (one-point difference) between those in
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parity and traditional groupings. We found no significant impact of gender parity courses
on the participants’ performance.
8.1.2

Retention
Regarding retention, we compared the participants’ declared major when enrolled

in the initial first-year engineering course to their declared major at the start of the
following quarter and as of Fall 2020. We considered their retention in a STEM major (as
defined by the NSF (2015) at the start of the following quarter, in an engineering major at
the start of the following quarter, and in an engineering major as of Fall 2020.
8.1.2.1

Combined: Honors and non-honors
First, we studied the retention of students in a STEM major. Based on the

preliminary analysis, there was a negligible difference between the STEM retention of
participants in parity (94.7%) and participants in traditional courses (92.5%). As we
assumed from the preliminary analysis, the Pearson’s chi squared test showed no
significant impact of parity courses on STEM retention (p = 0.430).
We narrowed our focus to engineering majors. Again, our preliminary analysis
showed a negligible difference in engineering retention in parity (79.0%) and traditional
(75.5%) courses. As expected, the Pearson’s chi squared test confirmed no significance in
this analysis (p = 0.672).
Lastly, we considered the students’ status in an engineering degree program, as of
Fall 2020. From a preliminary analysis, 50.0% of female students in parity courses were
pursuing their engineering degree as of Fall 2020, versus only 34.0% of female students
who were enrolled in a traditional section their first quarter. A Pearson’s chi squared test
showed no significance (p = 0.071) in the number of participants still pursuing their

98
engineering in relation to the gender makeup of their initial engineering course. Although
no statistical significance, the preliminary analysis is encouraging as it shows a higher
longitudinal retention for participants initially enrolled in a parity first-year engineering
course.
8.1.2.2

Non-honors
For the participants in the non-honors courses, we repeated these inquiries. From

a preliminary analysis of STEM retention, again there is a negligible difference between
female students in parity (97.4%) and traditional (96.0%) courses. To verify our findings,
we conducted a Pearson’s chi squared test which confirmed our assumption of no
significance (p = 1.000).
As for retention in an engineering major for one quarter, our preliminary analysis
showed that less women in parity sections (65.8%) were retained compared to the women
in the traditional courses (78.0%). The parity gender makeup of the courses did not
positively affect the participants’ retention in an engineering major at the start of the
following quarter.
Lastly, we considered the participants’ status in an engineering major as of Fall
2020. Our initial analysis showed a negligible difference between female students who
were enrolled in parity sections (36.8%) and those in traditional sections (36.0%). A
Pearson’s chi squared test revealed no significance (p = 1.000) of the participants’ initial
engineering course gender makeup on their engineering retention as of Fall 2020.
8.1.2.3

Reflection
Dasgupta, Scircle, and Hunsinger’s research (2014) of microenvironments of

varying gender compositions shows that “in fields with very few women and strong
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masculine stereotypes further attrition of women can be prevented by creating
microenvironments (e.g., in-class teams or study groups) with a majority of female
students or equal numbers of women and men.” When expanding the parity gender
composition from microenvironments to full engineering courses in the current study, the
same results were not found. No statistical significance between the gender composition
of a full class and the likelihood of a female student continuing to pursue a STEM or
engineering degree the following quarter or an engineering degree as of Fall 2020 was
uncovered for both analysis groupings: (1) honors and non-honors and (2) non-honors.
8.1.3

Limitations and Concerns
Like with any study, there were limitations that had potential effect on this study.

These limitations are further discussed in detail below and were considered when making
recommendations for future research, found in Chapter 10.
8.1.3.1

Sample size
With only 23.9% of engineering undergraduate students being women, women in

engineering are greatly in the minority (ASEE, 2020). When studying a minority
population of a group, such as women in engineering, one challenge is just that – the
group is a minority, thus the number of available participants in a potential study is small.
With a small pool of available participants to partake in the study, it is challenging to
have an adequate sample size, especially when implementing a full-term study in the
college classroom setting.
As detailed in Chapter 3, the inaugural engineering course is offered under two
designations: ENGR 120 and HNRS 120. These designations have slightly different Math
ACT scores required for enrollment, the higher being for the honors course offering.
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Because of the limited sample size, we were unable to study the honors sections
independently. With a larger sample size, we could have a higher statistical power, thus
able to conduct a more thorough statistical analysis for all participants and for the honors
and non-honors groupings separately. In future research, found in Chapter 10, we further
discuss the importance of recreating this study with a larger sample size to provide deeper
insight on this matter.
8.1.3.2

Length of study
Louisiana Tech University is on the quarter system, with courses lasting on

average 10 weeks. This study occurred in a full-term engineering course, ENGR 120 and
HNRS 120, offered two days a week with two of the 20 class periods being exams. Not
considering the exams, these students are only being surrounded by their ingroup peers
for 18 class periods, assuming all participants attended each class period which is highly
unlikely.
Being on the quarter system limits the amount of exposure female students have
with their ingroup peers. On a semester system, lasting an average of 15 weeks, a student
would have 28 class meetings, assuming two classes removed for exams, to be exposed to
their ingroup peers.
The brevity of the quarter system limits the amount of time a female student is
exposed to their ingroup peers. This presents the questions: Is one quarter long enough to
inoculate the female students to stereotype threat and see positive effects on performance
and retention? Should this study have been extended over a full-year period? With a
longer study, what other factors come into play, i.e. staffing, cost, etc.? We address these
questions in our recommendations and future research in Chapter 10.
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8.1.3.3

Repercussions of full course
Previous studies, including Dasgupta, Scircle, and Hunsinger (2015) and Inclizt &

Ben-Zeev (2000), were conducted outside of the classroom with participants who were
either volunteers or who were required to participate as part of a course grade. Unlike
these previous studies, our study was conducted in a full-term engineering course
(Dasgupta, Scircle, & Hunsinger, 2015; Inzlicht & Ben-Zeev, 2000).
Placing female students in parity sections of full-term engineering courses comes
with additional limitations. This study hinges on the fact that the parity sections consist of
50% women and 50% men. As a repercussion of being a full-term course, the likelihood
this parity proportion is met each day due to the actual daily attendance of the students is
low. Perfect attendance in these sections, and in most university courses, is not realistic
nor consistent. Even though the actual gender composition in the classroom of a parity
course will not be 50% women and 50% men every class period, female students in these
parity courses will be surrounded by more ingroup peers than their counterparts in
traditional courses.
There are several outside factors that come into play when conducting a study
over a full academic term including the magnitude of importance that comes with a
college course as an element of their academic career. Deciding whether to persist in
college or a specific major can be influenced by outside factors, including financial need,
personal life, familial sway, and others.
Previous studies, Dasgupta, Scircle, and Hunsinger (2015) and Inclizt & BenZeev (2000), were conducted in small groups over a short period of time with no effect
on the students’ academic careers. The current study takes place in a real-world situation
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and comes with real-world consequences: withdrawing from a course or earning a nonpassing grade can potentially cause the student to repeat the course in the future; earning
a poor grade can damage the student’s grade point average potentially affecting the
student’s ability to qualify for scholarships, internships, full-time positions, etc. In
addition to these factors, the participants were attending a university for the first time
which comes with a potentially difficult transition from high school to college, including
adapting to additional freedoms, new responsibilities, and many more adjustments.
The factors mentioned above are viewed as limitations of this study due to the fact
that any of these occurrences could play a part in a student’s performance in the course or
retention in the program.
Despite encouraging results from previous studies Dasgupta, Scircle, and
Hunsinger (2015) and Inclizt & Ben-Zeev (2000), our analyses show that parity courses
do not significantly impact the performance or retention of female students in a full-term
academic course. With these results, we wanted to explore what other factors could have
more greatly impacted the participants’ performance and retention in engineering.

CHAPTER 9
EXAMINATION OF OTHER FACTORS
IMPACTING RETENTION
When our analysis showed an absence of influence from gender parity on the
performance and retention of female students, we wanted to explore possible reasons for
this occurrence and further investigate potential factors that could more greatly impact a
student’s performance or decision to persist in engineering.
Several research studies, focusing specifically on STEM and engineering
retention, cite multiple influential retention factors, including high school GPA, calculus
readiness, socioeconomic status, ACT assessment scores, and mathematics placement
exams (Alkhasawneh & Hargraves, 2014; Lotkowski, Robbins, & Noeth, 2004; Moses, et
al., 2011). From this list, we explored ACT scores (Math and Composite) and overall
high school GPA as independent variables to see if they correlated to the participants’
performance, specifically numerical final course grade, and retention in engineering at
the start of the following quarter.

9.1

Potential Retention Factors in Relation to Numerical Course Grade

Comparisons between the factors mentioned above to the participants’ numerical
final course grade are provided below. These comparisons include participants in both
honors and non-honors (HNRS 120 and ENGR 120) sections. Students who withdrew
from ENGR 120 or HNRS 120 were not included in the comparisons in 9.1.1 and 9.1.2.
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9.1.1

ACT Scores: Math versus Composite
As mentioned in 0, ACT scores are used to determine the placement of students in

the engineering program. Research by Lotkowski, Robbins, and Noeth (2004) and
Alkhasawneh and Hargraves (2014) conclude that ACT scores are good predictors of
retention in STEM. We set out to see if the scores used to place students in courses could
also help predict their likelihood of retention in an engineering major and which was a
better predictor: Math ACT or Composite ACT.
We first studied how the participants’ Math ACT scores correlated with their final
numerical course grades. Figure 9-1 displays a comparison of the participants’ Math ACT
score to their numerical course grade. Participants are divided based on the gender
makeup of their engineering course (parity or traditional) and whether the participant was
retained in engineering at the start of the following quarter (retained or not retained). A
linear least squares regression resulted in a trendline with an R2 value of 0.247.
In Figure 9-1, there were only six students in total who were enrolled in the
course until the end of the quarter who were not retained in engineering the next quarter.
As we expected, the three students below the trendline did not pass the class (earning a D
or F). On the contrary, the students above the trendline who were not retained passed the
course. These students specifically earned an A or B in the engineering course. These
three students, who initially were majoring in biomedical engineering or chemical
engineering, changed their major to either biology or nursing.
Repeating the analysis from above, Figure 9-2 shows the comparison of numerical
course grade and the students’ Composite ACT score. For this data, a linear least squares
regression resulted in a trendline with R2 value of 0.181.

105
R² = 0.247
95

Numerical Course Grade

85

75

65

55

45

35

25
20

22

24

26

28

30

32

34

36

Math ACT score
Parity-Retained

Parity-Not Retained

Traditional-Retained

Traditional-Not Retained

105

Figure 9-1: Math ACT scores of the participants who completed the course compared to their numerical course grade separated by
course gender makeup and their retention in engineering the following quarter.
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Figure 9-2: Composite ACT scores of the participants who completed the course compared to their numerical course grade separated
by course gender makeup and their retention in engineering the following quarter.
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Both Figure 9-1 and Figure 9-2 show that students with higher Composite and
Math ACT scores perform better in the engineering course. In addition, comparing the
ability to predict a student’s persistence in an engineering major, Math ACT scores were
a slightly better predictor with an R2 value closer to 1.
9.1.2

Overall High School GPA
Next, we investigated the predictiveness of students’ overall high school GPA to

their performance and retention in engineering. Again, data was separated based on the
students’ engineering course gender makeup and whether they were retained in
engineering the following quarter. Of the 129 students, one student’s overall high school
GPA was absent from this data.
Figure 9-3 shows how students’ overall high school GPA was related to their
numerical final course grade. As seen in Figure 9-3, there is a tight grouping of higher
course grades for students with higher overall high school GPAs. As overall high school
GPAs decrease, the numerical course grades spread across a larger range. From this plot,
we can deduce that a high overall high school GPA (greater than or equal to 3.9) is a
good predictor of earning high grades (85 or higher) in ENGR 120 or HNRS 120,
highlighted in the red square in Figure 9-3.
The analyses above took into account students who completed the course earning
a final grade of A, B, C, D, or F. Students who withdrew from the course, earning a W,
were not included in these plots. For the second part of this analysis, we wanted to focus
on looking at the entire group of participants.
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Figure 9-3: Overall high school GPA of the participants who completed the course compared to their numerical course grade
separated by course gender makeup and their retention in engineering the following quarter.
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9.2

Potential Retention Factors in Relation to Numerical Midterm Grade
Based on the Living With the Lab course schedule, syllabus, and the University’s

academic calendar, the graded item with the largest impact on students’ final grade prior
to the withdraw day (the last day a student can withdraw from a course earning a W) is
the midterm exam, also known as Exam 1 (Living With the Lab, Schedule, 2017-2018;
Living With the Lab, Syllabus, 2017-2018; Louisiana Tech University, 2017; Louisiana
Tech University, 2018). Because the midterm exam has the biggest impact on students’
grade at the time of the withdraw deadline, we predict that students’ performance on the
midterm will have a high correlation with a student’s likelihood to withdraw from the
engineering course and switch to a major outside of engineering.
By including the participants who withdrew from the engineering course in these
analyses, we have a larger sample size which will help give greater insight to the group of
participants as a whole. Of the 129 participants, nine participants’ midterm grades were
absent from the data. These nine participants were distributed as follows: three in parity
sections (two retained, one not retained) and six in traditional sections (two retained, four
not retained).
9.2.1

ACT Scores: Math versus Composite
We again turned to the predictiveness of ACT scores, both Math ACT and

Composite ACT, on students’ performance on their midterm numerical grade and
retention in an engineering program.
Figure 9-4 displays students’ Math ACT score in relation to their numerical grade
on the midterm exam. For this particular exam, the participants’ median grade was 70.5
points, represented by the red line on the plot.
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Figure 9-4: Participants’ Math ACT score compared to their numerical midterm grade separated by course gender makeup and their
retention in engineering the following quarter.
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As discussed in Chapter 6, a final course grade of a C or higher (a minimum of 70
points) is required to pass this course (Living With the Lab, 2017-2018). Looking at the
vertical axis, representing midterm grades, at the 70 points grid line you can see a distinct
break between the majority of participants who were retained in engineering (those above
this line) and participants who were not retained (those below this line). Students who
scored a 70 or higher on the midterm were retained at a rate of 96.7% compared to
students who scored lower than a 70 on the midterm who were retained at a rate of
62.7%. If a student made below a 70 on the midterm, did they consider themselves not
suitable or able to persist in engineering, thus changing their major outside of
engineering?
As mentioned in 0, a Math ACT of 28 or higher in addition to a Composite ACT
of 28 or higher is required for a student to be enrolled in HNRS 120. In Figure 9-4, there
is a vertical line at the 28 marker for Math ACT to help designate honors versus nonhonors students. As the plot displays, students with a Math ACT of 28 or greater are
retained at a higher rate than students who scored below a 28 on the Math portion of the
ACT. Of the 47 students with Math ACT scores greater than or equal to 28, only four
(8.5%) students were not retained in engineering.
Figure 9-5 shows the relation between participants’ Composite ACT score and
their midterm grade. Included in this plot are two lines: (1) a vertical line at the 28
Composite ACT score marker helping to identify honors versus non-honors students and
(2) a horizontal line at 70.5 points to define the participants’ median grade on the
midterm exam. Again, we can see a distinct break between retained and not retained in
engineering at the 70 points marker for the midterm grade.
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Figure 9-5: Participants’ Composite ACT score compared to their numerical midterm grade separated by course gender makeup and
their retention in engineering the following quarter.
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Based on Composite ACT scores, there is not as clearly of a defined separation of
participants retained or not retained in engineering in Figure 9-5. Comparing Figure 9-4
and Figure 9-5, we can deduce that Math ACT scores again are a better predictor of
retention in engineering than Composite ACT scores.
With this information, we wanted to delve a bit deeper into the data to see how
participants’ Math ACT score related to their numerical midterm grade and ultimately if
they passed (ABC) the course. Again, there is a vertical line at the 28 Math ACT score
marker to make a distinction between honors and non-honors students and a horizontal
line at the 70.5 points midterm grade marker to define the participants’ median grade on
this exam.
Figure 9-6 shows a clear distinction of students who passed (ABC)/failed (DFW)
the engineering course at the 28 Math ACT score line. Of the 47 students who scored a
28 or higher on the Math ACT, only five (10.6%) did not pass the engineering course.
Just as in Figure 9-4, the data confirms our conclusion that Math ACT scores are great
predictors for success and retention in engineering.
In Figure 9-6, we noticed a large grouping of participants who failed (DFW) the
engineering course at a Math ACT score of 26 and below. This compelled us to take an
even closer look at the pass rate of participants based on their Math ACT score.
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Figure 9-6: Participants’ Math ACT score compared to their numerical midterm grade separated by course gender makeup and their
course pass/fail status.

115
Figure 9-7 shows the cumulative pass rate for students based on their Math ACT
score. The markers on the plot designate the pass rate in ENGR 120 or HNRS 120 for
participants with that Math ACT score or lower. For example, the overall pass rate of
participants was 64.6%, represented by the marker at the highest earned Math ACT score
(35), which included all 129 participants. The marker at Math ACT score of 34, shows
that 64.3% of participants with a Math ACT score of 34 or lower passed the course.
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Figure 9-7: Cumulative pass rate (%) of participants in relation to their Math ACT
scores.

As expected, cumulative pass rates increase as Math ACT scores increase. What
most sparks our interest is seen in Figure 9-7 at the Math ACT score of 27. Participants
with a Math ACT of 27 or lower passed the engineering course at a rate of 49.0%
compared to a rate of 36.6% for students with a Math ACT of 26 or lower. This
difference of 12.4% in pass rate seems high for a one-point increase in Math ACT. Recall
in 0, a minimum Math ACT score of 26 is required for a student to start in the first
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engineering course, so we looked at the pass rates for students specifically with a Math
ACT score of 26 and those with a 27. We found there to be a 29% difference in pass rates
between participants with a Math ACT score of 26 (46%) and participants with a Math
ACT score of 27 (75%). Seeing such a large difference in pass rate by just one Math ACT
point (26 to 27) suggests students with a Math ACT score of a 26 are not academically
prepared to be successful in this engineering course. This information poses the question:
should the requirement to start the engineering course be increased from a Math ACT
score of 26 to a 27, based on the increased pass rate seen at this data point?
9.2.2

Overall High School GPA
We again looked at the relationship between overall high school GPA and the

participants’ performance and retention in engineering, this time specifically their
performance on the midterm exam, shown in Figure 9-8. Again, one student’s overall
high school GPA was absent from this data.
Participants with a 3.8 or higher overall high school GPA were retained at a rate
of 89.2%, compared to only 61.1% of participants with lower than a 3.8 overall high
school GPA.
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Figure 9-8: Participants’ overall high school GPA compared to their numerical midterm
grade separated by course gender makeup and their retention in engineering status the
following quarter.

CHAPTER 10
CONCLUSIONS, RECOMMENDATIONS, AND
FUTURE RESEARCH
10.1

Conclusions

Women are minorities in the world of engineering, both in the classroom and in
the workforce. This study sought out to deepen the understanding of methods to improve
the retention of women studying engineering in the hopes of ultimately increasing the
number of female engineers in the workforce. By building on findings from previous
researchers and expanding their studies to full classroom settings, we were able to learn
more about the application of the stereotype inoculation model and the importance of
other retention factors.
This study consists of 129 first-year female engineering students enrolled in fullterm engineering courses, ENGR 120 or HNRS 120. The participants were enrolled in
course sections with either a gender makeup of parity (50% women, 50% men) or a
traditional gender makeup. Inspired by Dasgupta, Scircle, and Hunsinger’s study (2015),
we examined the impact of being surrounded by ingroup peers on the participants’
performance in the course (pass/fail rate and numerical final grade), and retention (in
STEM and engineering for one quarter, in engineering as of Fall 2020).
As a result of our research, we found that gender parity did not have as great of an
impact on the performance and retention of female students in a full-term engineering
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course as we had hoped. Though a statistically significant improvement was seen in the
numerical final course grades for female students in parity sections, these results come
from an analysis in which participants in both honors and non-honors sections were
combined into gender makeup groupings. As discussed in Chapter 5, this combination of
honors and non-honors students resulted in an average Math ACT score differential of
three points between the two groupings, parity and traditional. We believe this difference
skewed the results of this analysis, and the results from the non-honors analyses more
accurately reflects the impact of gender parity courses.
Our research analyzed the impact of gender parity courses on female participants’
performance and retention. The results showed no statistical significance regarding the
pass/fail rate between participants in parity sections and those in traditional gender
makeup sections. Our study also showed no statistical significance regarding the impact
of gender parity courses on participants’ retention over one academic quarter for the
following two metrics: (1) retained in a STEM major and (2) retained in an engineering
major. In addition, we examined the participants’ retention in an engineering major as of
our most recent academic term, Fall 2020, and found no statistical significance. Though
no significance was found, this study encouraged us to further explore factors that play a
role in the performance and retention of female students.
From our additional analyses in Chapter 9, we were able to increase our
knowledge of other factors that played a part in the performance and retention of our
participants. By analyzing the impacts of Math ACT scores, Composite ACT scores,
overall high school GPA, and numerical midterm grades on participants’ ultimate course
performance and retention, we discovered that Math ACT scores and numerical midterm
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grades had the greatest correlation with the performance and retention of our participants.
Based on our findings, we are providing the following recommendations to be considered
by the Living With the Lab faculty to improve the retention of female students in the
program.
As seen in section 9.2.1, students’ Math ACT scores were a strong predictor of
success in the first engineering course and the rate of retention in engineering. With a
29% increase in pass rate for students with a Math ACT score of 27 compared to those
with a Math ACT score of 26, we recommend the Living With the Lab program raise the
minimum requirement to begin the first engineering course from a Math ACT of 26 to a
Math ACT of 27. We believe that by raising this minimum requirement, this will increase
the retention and pass rate of women in this initial course by ensuring the students who
enter the Living With the Lab program are academically prepared to successfully
complete the course.
We also found that students with a high overall high school GPA (3.8 or greater)
performed better in the engineering course. Because the level of academic preparation
can differ so vastly across high schools, we are cautious of making recommendations
based on this information.
Lastly, and in our opinion equally as important, is the criticality of the
participants’ performance on the midterm exam. With a 34.0% higher retention rate for
participants who earned a 70 or greater on the midterm exam compared to participants
who earned less than 70 points on the midterm exam, a large focus should be placed on
the preparation of students for the midterm exam. We believe by implementing an
academic intervention consisting of additional contact time with professors and an
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increase amount of preparation for the midterm exam (for example, working additional
practice problems) will help increase the midterm exam grades of female students and
ultimately improve their retention in the engineering program.
Though this recommendation focuses on the performance and retention of female
students, we firmly believe that additional interventions and additional contact time with
professors will also benefit male students.
In addition to an academic intervention, we believe it is important to continue to
put a strong focus on including opportunities for female students to find their support
system of ingroup peers and ingroup experts. Whether this be by implementing parity
courses or hosting opportunities for female students to meet other female students and
female professors, we believe it is essential for women in engineering to find the support
of others and ultimately confirm they belong in this program. As seen in Table 7-3, when
participants were asked to list the biggest factor that helped them persist in engineering,
14.3% of respondents in parity courses provided answers pertaining to their classmates
and friends compared to only 5.3% of respondents in traditional courses. Could these
differing responses be due to their engineering course gender makeup? This question
requires future research, as discussed below, but the higher percentage of responses from
participants in parity courses is encouraging and should not be ignored.

10.2

Future Research

Beyond the recommendations above, there are several avenues for future research
to expand our knowledge of retaining women in engineering during their college career.
In the remainder of Chapter 10, we indicate these paths with supporting information and
recommended research questions.
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10.2.1 Larger Sample Size
One major challenge when studying an underrepresented group stems directly
from the fact that the interested group of subjects is underrepresented, thus, a lower
number of potential experimental participants. Because of the low number of potential
participants, when studying the effects of an intervention, such as enrollment in a gender
manipulated full-size class, it is challenging to have a large enough sample size to
conduct a substantial statistical analysis.
One way to combat this challenge is to increase the number of participants by
gathering additional data either over several years or finding a partnering institution to
simulate the experiment and combine data. Because of the uniqueness of the Living With
the Lab curriculum, the latter option would be more difficult. Instead, continuing this
study for additional years would increase the data sample size.
10.2.2 Higher Concentration of Females in Class
As mentioned in Chapter 2, Dasgupta, Scircle, and Hunsinger (2015) studied the
effects of the stereotype inoculation model by placing female students in a variety of
gender group compositions. These gender group compositions included female minority
(25% women, 75% men), parity (50% women, 50% men), and female majority (75%
women, 25% men). These researchers found that women in the female majority groups
had a stronger ability to deflect negative stereotypes, increased eagerness to participate in
the group, amplified verbal participation in the group, and a sense of feeling challenged
rather than threatened by the task assigned to them compared to the other gender group
compositions (Dasgupta, Scircle, & Hunsinger, 2015). Though women in parity groups
also saw improvement in most of the areas above, the women in the female majority
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groups saw greater improvement in all of these areas in Dasgupta, Scircle, and
Hunsinger’s study (2015). For our study, we proceeded with forming gender parity
courses instead of female majority courses because we were restricted by the limited
number of female students enrolled in the first-year engineering program.
For future studies, we recommend repeating the same experiment except altering
the gender makeup of the sections to female majority, 75% women and 25% men. By
increasing the number of females in a section to achieve the female majority gender
distribution, this experiment would ultimately be flipping the national gender distribution
(80% men, 20% women) of engineering students. Having this drastic of a change could
help female students inoculate stereotype threat at a greater rate during their most
vulnerable years at the beginning of a high achievement domain, their first-year of
college.
10.2.3 Effects on Male Students
As a result of formulating gender parity courses, the number of female students
that were traditionally distributed throughout all sections were now concentrated in a few
parity sections and sprinkled through other sections, resulting in some not having any
female students. During this study (Fall 2017 and Fall 2018 quarters), three honors
sections were completely void of female students.
Though studies discussed in Chapter 2 show that men’s performance and level of
participation were not affected by the number of women in the grouping, it would be
valuable to see if these results transfer to an engineering course, sans women.
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10.2.4 Gender Makeup of Self-Selected Group: Project and Tables
As mentioned in Chapter 3, the Living With the Lab curriculum consists of small
group projects. Specifically, in the first course, ENGR 120, there is one group project, the
pump project. This study focuses on the classrooms’ setting having a gender parity
makeup, but it does not look at the gender makeup of the project groups.
To further study the effects of ingroup peers on female students in engineering, it
would be beneficial to see the gender makeup of self-selected groups for these projects.
Are female students in parity courses more likely to choose to work with other female
students on group projects? Of course, in classrooms with increased numbers of female
students, these female students will have a greater opportunity to work with other women
than those female students in non-parity courses.
Though there is only one official group project in the curriculum for ENGR 120,
the classrooms are set up where students sit at tables of four. With the hands-on aspect of
the curriculum, students are encouraged to work on their individual projects with the help
and encouragement of their peers, often at the same table. Are female students who sit
with other women more likely to defend against stereotype threat? Do female students
who sit with other female students perform better in the course? Are female students who
work with other female students retained at a higher rate? It would be valuable to learn
more about the impacts of the gender makeup of these microenvironments in a full course
in a high achievement setting, beyond a brief study in less impactful settings like those
discussed in Chapter 2.
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10.2.5 Ingroup Experts
As discussed in Chapter 2, the stereotype inoculation model focuses on the
positive effects of both ingroup peers and ingroup experts on women in engineering
(Dasgupta, 2011). Our study focuses on only the impact of ingroup peers (female
students) in a full classroom setting, not ingroup experts (female instructors).
It would be beneficial to explore the second factor of the stereotype inoculation
model, ingroup experts, by expanding this study to look at the effects of female
instructors on the performance, retention, and self-efficacy of female engineering
students in a classroom setting.
To take this research a step further, one could study the effects of ingroup experts
on female engineering students in (1) a class setting with gender parity makeup and in (2)
a class setting with a traditional gender composition. It would be useful to learn of any
correlation between an ingroup expert and female engineering students’ performance,
retention, and self-efficacy, in addition to the impact of the class gender makeup. It
would also be interesting to study impacts on male students in these courses to see any
correlation based on the gender of the instructor.
10.2.6 Post-Ingroup Expert Course: Self-Selected Courses and Group Involvement
As mentioned in Chapter 2, Dasgupta (2011) suggests that individuals affected by
the stereotype inoculation model are most likely unmindful of the influence by ingroup
experts and peers. The research suggests that though an individual may be unaware of the
influence by an ingroup expert or ingroup peer, they will tend to gravitate towards
groupings where ingroup peers or experts are more visible. It could be valuable to
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observe female students after their experience with an ingroup expert to see if they selfselect into subsequent courses taught by female instructors.
Additionally, Dasgupta, Scircle, and Hunsinger’s research (2015) presents the
question and need for future research to determine if after taking a course with an ingroup
expert: Do female students gravitate towards groups of other women in engineering, such
as the Society of Women Engineers (SWE) or like groupings?
10.2.7 Longitudinal Study
As discussed in Chapter 2, research has shown that it is important for
underrepresented minorities to be supported and armed to defend against stereotype
threat especially at the beginning of a new achievement domain (Dasgupta, 2011). In
terms of female engineering students in college, the first year is their most vulnerable
time period in their college career, thus the most important time to apply the stereotype
inoculation model.
Our study encompasses the first quarter but does not encompass the full year.
Being on a quarter system, our terms are shorter than semesters. Instead of approximately
fifteen weeks of interaction with ingroup peers, participants in this study only had
roughly ten weeks of ingroup peer interaction. To potentially see a greater impact of the
stereotype inoculation model due to extended exposure with ingroup peers, this study
could be repeated and extended to a full year. This extended study could lead to
additional information regarding performance and retention of these students.
10.2.8 Self-efficacy
As detailed in Chapter 7, our study was unable to include a statistical analysis of
the survey data regarding self-efficacy due to the limited number of participant responses

127
to the Assessing Women and Men in Engineering surveys: (1) Longitudinal Assessment
of Engineering Self-Efficacy Survey, (2) Students Persisting in Engineering Survey, and
(3) Students Leaving Engineering Survey. If this experiment is repeated, it would be very
beneficial to collect participants’ survey responses. We would also recommend looking at
the surveys themselves and reassessing whether these particular surveys pose the
questions that will provide the desired insight.
From our additional analysis in Chapter 9, we learned of the importance of
participants’ performance on the midterm exam. In addition to offering surveys at the
beginning and end of the quarter, we suggest offering a survey directly after the
participants receive their midterm exam grades. Because the midterm exam grades played
such a large factor in the female students’ retention, it is essential that we find out how
these students are feeling at that specific point in time.
Lastly, as mentioned in in section 10.2.1, with a larger sample size, we would be
able to conduct more indepth analysis. Even if this study is not repeated, it would still be
beneficial to continue to distribute these surveys, or similar surveys, to first-year students
to gain additional insight.

10.3

Closing Remarks

It is essential that we continue to explore and study methods to increase the
number of women in engineering in all stages of their careers. This study focused
specifically on improving the retention of current female students pursuing an
engineering degree. We must remember to also focus research on increasing the pipeline
of women going into engineering (starting in elementary and middle school), women
moving into industry post-graduation, and retaining women in the engineering workplace.
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Each one of these aspects is an important piece to the puzzle of bringing gender equality
to the field of engineering – the ultimate goal.
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